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ZINC ALLOY 


Manufactured under British Patents Nos. 340,/04 376,534 376,988 378.645 
and conforming to British Standard specification No. B.S. 1004 


Fidelity of detail and beauty of surface 
finish are readily achieved in pressure 
castings of MAZAK Alloy. MAZAK 
also has physical properties which 
meet the most exacting requirements 


of the design engineer. 


NATIONAL vecsapateilicies LTD. 


(Member of the Imperial Smelting Co 


95, Gresham Street, London, E.C.2. 


Sole Selling Agents: Morris Ashby Ltd., Loncon House, New London Street, London, E.C.3. 
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THE WELL-KNOWN WARD 2A CAPSTAN LATHE 
with single pulley headstock. 1l}in. Automatic 
Chuck and swing forward. 


Covered bar feed. 
This machine is also suitable for chuck work. 





The amc ‘fothe with the BIG 
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~ 5 54in. Dia. of hole through 0p! of spindle 
Height of Cee Cech will take up to 14 Mspindle speeds | 
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PRESS TOOLS 
LARGE or SMALL 





We are SPECIALISTS in the 
DESIGN and MANUFACTURE 
of SIMPLE, COMPOUND, SUB.- 
PRESS, and FOLLOW-ON TOOLS 


ARNOTT & HARRISON LTD. 


(Member of the Gauge & Tool Makers’ Association) 


22, Hythe Road 
WILLESDEN 








WILLE SOEN 





Telephone: LADbroke 3484-5-6 
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Rakes progress 

When our Managing Director was a mere yob of about 17 he was com- 
missioned to make a scale model acroplane for the Australian Government, 
which we understand is now ina Melbourne museum. Legend states that on 
taking the model to Australia House he refused to 
hand it over until he received the cash. 
Now, mellowed by time, he keeps us all working 
day and night to produce Desoutter Tools solely to 
help engineers in their vital war work. ‘The cash” 
he says “means nothing to me.” 
If this leads you to suppose you can get Desoutter 
Tools free, you are making a big mistake. You still pay 


(after you've had the tools), but we hand the cash 
over to the Government. 


Speciakists in Lightweight Pnewnatic and Electris Portable Tos DESOUTTER 
DESOUTTER BROS. LTD. DEPT.P TH HYDE, HENDON, LONDON, N.W.9 TELEPHONE: COLINDALE 6346-709 
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Telephone : STROUD 661-2-3. 















HYDRAULIC PUMPS 


with geared or V-rope drive. 
ALL TYPES OF HYDRAULIC PLANT 


PRESSES FOR PLASTICS AND RUBBER 
ALSO CASTINGS AND MACHINING 


T. H. & J. DANIELS LIMITED 


STROUD, GLOS. 
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Wimet 


Not without good reason have Wimet Tips become 
the standard by which all others are judged, for since 
we, the original pioneers in the manufacture of carbide 
tools in this country, produced Wimet Brand Too! 
Metal from which Wimet Tips are made, it has 
remained absolutely unsurpassed, the best too! metal 
ever used. Making for greater speed and accuracy 3s 
they do. Wimet Tips cannot fail to have a most 
stimulating effect on production, and their use will 
prove a very effective economy, due to their long 
working life between regrinds. Wimet, the finest 
and most durable of all, are the only tips to use on 
your cutting tools. Our specialists are available to 
assist you in the application of Wimet to your 
production problems, and there is a grade of Wimet 


Tool Metal for every machinable material. 


WIMET N. 
WIMET H. 
WIMET X 


WIMET XX, 
WIMET X8. 


WIMET S58. 


WIMET G 





For cast iron, non-ferrous materials and 
general use. 

For chilled iron rolls and extremely 
abrasive materials. 

For aluminium and aluminium alloys and 
certain classes of steel 

For finishing cuts at high speeds 

For rapid metal removal at medium 
speeds, 

For heavy duty and interrupted cuts on 
steel where conditions are unsuitable 
for other grades at corresponding range 
of speeds 

For metal planing and woodworking 








IMMEDIATE DELIVERY OF* STANDARD TIPS FROM STOCK 
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TRADE 


BIRMINGHAM. 6 "ilies ENGLAND 





A VERITABLE ROBOT 


When considering variable speed drives you 
should investigate the tentialities of Higgs 
A.C. Commutator otors ranging from 
5 H.P.—500 H.P. 


Whether you require high or a crawling speed or 
accurate adjustment to any intermediate value, 
mere pressure of a button produces an instant and 
smooth response from this machine. It is indeed 
a veritable robot. 


BIRMINGHAM, BrisToL, DUNDEE, GLAsGow, LONDON, MANCHESTER, NoTTIN@HAM, 


PETERBOROUGH, SHEFFIELD 
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THESE COMPONENTS ew THE 
ADAPTABILITY OF at 


AERO 
ENGINE 
CYLINDERS 


LET US REMOVE YOUR 
OUTPUT “LAG” IN 
TURNING SUCH PARTS 
AS THE ABOVE. WRITE 
US TO-DAY 


MAXICUT 











simm Te MULTI-TOOL PRODUCTION LATHES 
DRUMMOND (SALES) LIMITED 
KING EDWARD HOUSE NEW STREET BIRMINGHAM 
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And why not, when the day’s work consists of 
driving a Ransomes I-tonner. The driver is 
comfortably seated, the truck is easily operated, 
and fatigue is eliminated. 


Design is simple and construction robust, so 
that the loss of time from breakdowns and 
f | other troubles is negligible. A full load can be 
transported at a speed of 7 m.p.h. and one truck 
with a woman driver will do the work of 
several men normally employed on internal 
transport. Fixed or elevating platforms can be \ 
supplied, the latter for use with stillages. PRICES 





Fixed platform truck ... 8168 
Write to Dept. P.E. for particulars of these handy Blovating platiorm truck 8180 

7 - take us ‘ X lat : / Las Charging equipment with 
trucks, u hich save so much time, labour and mone y. automatic contro! 248 11 © 
PROMPT DELIVERY 








‘fy 
Hansomes ELECTRIC TRUCKS 


PRECISION MECHANICAL AND ELECTRICAL ENGINEERS 
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Haturcl ¢ Synthetic 


RUBBER, is precious 


—don't waste what you have 


Fenner has been building V-Ropes with synthetic rubber for many years 
Thousands and thousands of Fenner V-Ropes made from GR-M Synthetic 
Rubber have now seen years of service in this country’s leading industrial plants. 
From this long experience with synthetics, Fenner Engineers have developed a 
V-Rope which is amazingly good. Now all V-Ropes are made of synthetic 
rubber, and ong experience and success in this field are of value to you 


so KENNA ER: com 
V-ROPE SALES DIVISION e HECKMONDWIKE > YORKS 


AND AT LONDON, HULL, COLNE, MANCHESTER, BIRMINGHAM, GLASGOW, 
BELFAST, NEWCASTLE, CARDIFF & CALCUTTA 
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“NEWALLOY’ 
BOLT 
65-75 TONS 








*NEWALL’ 
HITENSILE 
BOLT 
45-55 TONS 


A.P NEWALL##5 


POSSILPARK — GLASGOW.N. 
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Speed wp 


PRODUCTION! 





FASTER, and still faster produc- 
tion is the order of the day. 
And our machine tools in 
Factories, Railway and Marine 
shops, and in every other class 
of engineering works, are 
responding to it by schieving 
new records of output and 
reliability. 








URQUHART LINDSAY & ROBERTSON ORCHAR LTD. 


associated with DUNDEE 


FAIRBAIRN LAWSON COMBE BARBOUR , LTD. 
RINNE. ah 


U.M.17/44 
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. IANO” 
Monee | ai sniwee T 
AvoMeree ’ HE world-wide use of 
, . a. “AVO” fElectrical Testing 
—— Instruments is striking testi- 
mony’to their outstanding 
versatility, precision 
and jreliability. In every 
"TM “AO Tt eave ; sphere of electrical test work, 
WAENE ‘TESTER AVO™ OSCILLATOR Re 
on active service and in 
industry, they are maintain- 
ing the “AVO” reputation 


for dependable accuracy, 


which is often used as 
Orders can now only be accepted : 
which bear a Government Contract a standard by which other 
Number and Priority Rating. instruments are judged. 











TOM 


THE AU ATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.,LTD, 
Ww N Ee USE OUGLAS STRE T NO 


LON ON S:w: tl TELEPHONE VICTORIA 3404/7 
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MeErcER 


DIAL GAUGES 


““° MEASURING 
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For Gauges, Taps and 
all Precision Tools. 
Ensures maximum 

degree of accuracy 

after hardening. 


Makers 
since 
1776. 


SANDERSON BROTHERS & NEWBOULD LTO SHEFFIELD. ENGLAND. 
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So aluminium resists 
sea water and marine 
atmospheres ? 


ES, this is one of the 
outstanding properties 
of HIDUMINIUM Anticorodal 
high - tensile aluminium 
alloys. Hiduminium 
possesses the notable 
combination of being 
non - magnetic, highly 
resistant to corrosion 
and having wide range 
of mechanical proper- 
ties—properties which 
can be accurately 
controlled to suit any 
given requirements 
In normal times 
Hiduminium ize, 
therefore, used 
extensively in many 
forms, including 
eand and die cast 
ings, forgings, 
stampings and 
pressings, etc., in 
the shipbuilding, 
building, chemical 
and food industries 
Full technical details 
are available 
quest to the Sale 
Department 
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HIGH DUTY ALLOYS LTD: SLOUGH 
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UNIVERSAL 
MILLING 
MACHINE 


Table Working Surface . 38in. by 9 in. 
Six Spindle Speeds ... 18-365 r.p.m. 
Maximum distance spindle to table 15 in. 
Traverses . . . 24in. by 7}in. by 14in. 


Send for full details of this and other “Richmond” Milling Machines and Radial Drills 


Purchase Certificates must be obtained from the Machine Tool 
Controi before orders for these Machines can be accepted. 


M idgley£ Sutcliffe 


HUNSLET LEEDS, 10 
Phone : LEEDS 75665 2 
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v.9 
High Speed VERTICAL 
SURFACE GRINDER 


The Type “ V ”’ Surface Grinders 
are definitely designed for high 
output on series production. 
id oe ee Centralised controls for rapid 
wel handling. Table speeds infinitely 
variable through hydraulic gear 
with patent vernier contro! for 
finishing speeds. 

Capacity: 24in. long by 8 in, 








)  rs—(‘i«;™sCOC™C wide by 8 in. high. 4 
Write for further particulars of 
p this or larger machines. 





SNOW & CO., LTD., SHEFFIELD 


LONDON OFFICE: ABBEY HOUSE, WESTMINSTER, 8.W.1 
a BIRMINGHAM HOUSE : DAIMLER HOUSE, PARADISE STREET 
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for Macrome-brand tools and for small tools treated by 
the Macrome tool-toughening process, as manufacturers 
come to realise the outstanding advantages the Macrome, 
treatment*of small tools offers in increased production, 
in reduced labour and in greater average tool performance- 
THREE THOUSAND of the leading engineering firms in 
the country now regularly use Macrome-treated tools, 





2 nM ACROM E 


Trae ye THE TOUGHEST TOOLS 
“iv IN THE WORLD 
MACROME LTD., ALCESTER, WARWICKSHIRE 


ALSO AT LONDON - GLASGOW - MANCHESTER - LEICESTER 
LEEDS - COVENTRY - BRISTOL - NEWCASTLE-ON-TYNE * BIRMINGHAM 








BRITISH MADE 
UNIVERSAL JOINTS 
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Have you considered that your own BandA 
(Ormig) Reproducer offers a simple and 
effective solution to your coming Income Tax 
and Wages Records problems, by adapting the 


YIN) ©) Pays 





Mngue Featiies- 


1. AUTOMATIC REPRODUCTION of all constant information 
each week. 


2. AUTOMATIC “ CARRY FORWARD” of cumulative wages 
and tax figures from week to week. 


3. MOST CONVENIENT CONCENTRATION of all information 
necessary for reference to tables and computation of new totals. 


4. ONE WRITING ONLY—the current week’s variable figures. 
THE REST IS AUTOMATIC & FOOLPROOF 


5. MECHANICAL REPRODUCTION of Payroll copies, pay 
slips and earnings records. 


For further information regarding BandA Payroll, write to :— 


BLOCK « ANDERSON LTD 


| ‘*Old Mill House,’’ Trumpington Road, CAMBRIDGE 
Telephone: Trumpington 305 
| SS 

Also at : London, ‘ " 
| Manchester, Liverpool, we hy 
| 


Sheffield, Glasgow tN \ ee 






i, Also at : Newcastle, Southampton, 
\s Bristol, Nottingham, 
e Cardiff, Belfast 














| tags AAAS 
Pioneers of Spirit Duplicating and Mechanised Producti Control 
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Telescope 
or 
Microscope? 


The one, for bringing 
distant objects 
nearer; the other for 
magnifying infinitely 
small details. The 
principle of BOTH 
are vitalto precision- 
production work. 
Distant objectives 
are best reached by 
meticulous exactitude 
in infinitely small 
dimensions. 





Member of the Gauge 
and Toclmakers’ 
Association 











M.PJ.GAUGE & TOOL CO.LTD. ERDINGTON BIRMINGHAM .24 












The most authoritative work dealing with 


Marking Methods and Marking Devices 


A text book as well as a catalogue. 


72 Pages. profusely illustrated with $5 
plates illustrations and diagrams 


PRICE Sf- net post free 


BROOM STREET bys to od 0 ol OL) 
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———=HERBERT—— 


A 
B.T.H. 
PRODUCT 


ARDOLOY is a high-speed cutting alloy made by the British 
Thomson-Houston Co. Ltd., Rugby, it cuts steel, cast iron 








and non-ferrous metals at extremely high speeds. It will 
also cut freely materials which have hitherto been looked 
upon as unmachinable except by diamond tools. 


ARDOLOY is supplied in the form of either tipped tools or 
separate tips in grades to suit various materials. 


ARDOLOY is not high-speed steel and must not be used like 
it. The best results are obtained only by using the proper 
grade, correct cutting speeds and feeds and, what is of first 
importance, the proper method of sharpening. Our service 
engineers attend at users’ works, free of charge, to help in 
obtaining the best results. Catalogue on request. 


DELIVERY (// not in siock) 
STANDARD TOOLS - 4 weeks STANDARD TIPS - 2 weeks 


Sole Distributors : 


ALFRED HERBERT LTD. COVENTRY 
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E RITIS H 
ENGINEERING 
PRODUCTS tr® 

74.G™ HawpronS' 
BIRMINGHAM I8 


PHONE NORtHERn 1041 


















TURNED FROM 
THE SOLID 
STEEL BAR 


AND 
» A. THREADS 
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London Office: 
ABFORD HOUSE, VICTORIA STATION, 
Telephone : Victoria 2433. S.W.1 
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The Star Turner... 


Yes, she’s one of our star turners, one of the many 
women doing a magnificent job of work and taking 
her full part in the nation’s war efforts. 

Dean, Smith & Grace Lathes are “star-turners,’’ too, 
and they are doing a magnificent job of work in 
engineering shops all over the kingdom. For handiness 
and high prod on with sustained accuracy they 
cannot be surpassed. 








Dean MITE ian 
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IN 1909 


REGENT ST. was lighted by sizzling arc lamps' 
and the old ‘‘ Vanguards’’ wheezea and bumped 
their way through the London Streets. It waj 
in that year the transformer illustrated waj 
made in the FOSTER Works. For thirty- 
years it has given continuous and unfailing ser 
vice, a testimony to a standard of material and 
workmanship maintained to this day. 

*It is of interest to recall now, thal 
Fosters were pioneers in the develop 
ment and manufaciure of arc lamps 


FOSTER TRANSFORMERS a SWITCHGEAR Ln. 


(INCORPORATING FOSTER ENGINEERING COMPANY) 


APEX WORKS, SOUTH WIMBLEDON, LONDON, S. W.19 


TELEPHONE: LIBERTY 2211(1O0 LINES) 








Branches: Birmingham, Bristol, Edinburgh, Glasgow, Leeds, Liverpool, Manchester, Newcastie-on-Tyne, a 
Associated Companies: Lancashire Dynamo & Crypto Ltd., Manchester =» Crypton Equipment Ltd., Willesde 
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SHARPENS REAMERS, HOBS, AND CUTTERS 


With this one machine a wide variety of standard sharpening operations 
can be performed. In addition, several specialized grinding operations 
can be handled with greater speed and economy than formerly, yet with 
no sacrifice of accuracy. Following of spiral leads, indexing, diameter 
size, blade profile, feed to wheel on tooth face grinding, diameter cutting 
clearance, relief clearance, wheel dressing, radial faces on high spirals, all 
these important sharpening factors are under positive mechanical control, 
and all mechanical movements of the machine can be duplicated to assure 
uniformity of work on any number of pieces. The machine is equally 
adaptable for sharpening hobs, all makes of reamers, and milling cutters. 


FOR DETAILS WRITE TO 


BARBER & CoLMAN, Ltp.. MarsLaNp RoAp, BROOKLANDS, MANCHESTER 
Telephone SALE 2277 (3 lines) Telegrams ** BARCOL,”’ SALE. 





No ordsr ean be accepted without purchase eertificate from M.T.C. 
Delivery period must be subject lo decision of M.T.C. 


BARBER-COLMAN REAMER 
HOB & CUTTER SHARPENING MACHINE 
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Table Area 


Model 0 18° x 12 
Model 1 36° x 24 
Model 2 42° x 24 


Throat Depth 


Model 0 11; 
Model 1 & 2 22: 





arn aieineattthen ds eaieetiteaaa.atel 


Table Settings 
To 0.0001 or 0.002 m.m 





ee ee ee Per ad 





Accuracy 


On Table Setting 
to 0.0002 Guaranteed 


ai 





All Three Models 


NEWALL ENGINEERING CO., LTD. 
rerexsowovce PETERBOROUGH ¢ NORTHANTS _,ftecuiox 


Sole Agents: E. H. JONES (Machine Tools) LTD. Edgware Rd, The Hyde, London, N.W.9 
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INDEX TO ADVERTISEMENTS 


As @ war-time measure the advertisement section of this Journal is now pub 

hished in two editions, A and B. Advertisers’ announcements only appear in 

ane edition each month, advertisements in edition A alternating with those in 

edition B the folowing month. This Index gives the page number and edition 
in which the advertisements appear for the current month. 








































































Page 
Arnott & Harrison, Ltd. we one ose ane eco ose see cin viB 
Asquith, William, Ltd. .. we Je eee ao waa Sate «. xxviA 
Automatic . Winder Co. Ltd. ie pes ace awe <a ie -. XvilB 
Avery, W. & T., Ltd. ... a at ante ee owt tee «. XxXivA 
Barber & Colman, Ltd.... on eee ees ece oes ose “= -. xix B 
Baty & Co., J. E.... eco es ove = ene one nee one -. xViilB 
B.E.P., Ltd. ... “ ae wee on eee pee she .. xxviB 
: Block & Anderson, Ltd... “ eee oes ose eee wen «. xxiilB 
co British Aero Components, Ltd. —_ ‘an ae ae ae SA 
sa British Tabulating Machine Co. Ltd., * The ioe one eee eee xxxiiA 
= 2 Burton, Griffiths & Co. Ltd. es vie “a “ i) xviliA 1B 
Catmur Machine Tool Corporation, bea. «.. otk eae nae aa ate xvA 
Churchill, Charles, & Co. Ltd. nee wee ne aes owe a wa vA 
Cincinnati Milling Machines Ltd. on aa pais oo» Sak 
1 Climax Rock Drill and Engineering ‘Works, Ltd. won wes vii oe | Se 
; Cooke, Troughton & Simms, Ltd. ... . ee ioe Sea ww. XVIIA 
Craven Bros. ye eg gy Ltd. sae on sak hi ee ” «.. xxillA 
Daniels, T. H. & Feo Ltd. enn set ace ow ek one .. VillB 
Dawson Bros. L' oe ove eee owe eee eee - ons viA 
Dean, Smith & hata Ltd. ae ae aa mae BER les pues «. xxvii B 
Desoutter Bros. Ltd. is aie iste nee eve eee “ pe rae vii B 
Drummond (Sales) Ltd. ... pe -_ ae ome “ an jue “as xiB 
Fenner, J. H., & Co, Ltd... -~— aes ous oa ‘ee wes a xivB 
Firth, Thos. & John Brown, Eads... om wee wee ace we oe | =A 
Foster Transformers & Switchgear Ltd. ; ae eee eon .. xxviii B 
Gauge and Toolmakers’ Association Limited, The whe aes wee wie xxA 
Gilman, ee CE Ltd... ae : ‘ ae poe wat a. See 
Guylee, Frank, & Son, te. <. a : sh an a wai - See 
Herbert, Alfred, Ltd. _... ee ie un ne nike ue .. xiA xxvB 
Higgs Motors, Ltd. am wai eve ose con me eats on eek xB 
High Duty Alloys, Ltd. ... dee wee eve ove ove eee me eo SEB 
Holman Bros. Ltd. nae ret nes me ene wee «. ZxXxiiB 
Jessop, ‘sar & Sons, Ltd. im with isis “a ane ask oe XXVIIIA 
Jones, E. > > ees ‘ kes ows ows nee one ae «.. Xxvil A 
King, ‘Geo, W * ita ee rae wee one con ‘oes i xA 
Leytonstone Jig and Tool I Co. i Lea. ... ees vee ee ‘ios ~~ se xiiB 
Lund, John, Ltd. ... ith ies an = ne me ee ixA 
Macrome, Ltd E whe dies ito <= ve eee oe .. xxiiB 
Midgley & Sutcliffe an “< ao ate one “as a xxB 
Midland Saw and Tool Co. Ltd., The ia we on oes on « WHA 
Mollart Engineering Co. Ltd. .. pa ive “en hace os eee one 
Motor Gear Engineering Co. bed. :.. a “a ae ales ‘mn .. xxliB 
M.P.J. Gauge and Tool Co. Ltd. a ae tie en sibs x .. XxivB 
National Alloys, Ltd. ei dei owe ane om eat wie ie iliB 
Newall, A. P., Ltd. one Pa ies = “a we es ee xvB 
Newall’ a yg Ga: 54a... .... sg me en ae a can o- ae 
Parkinson, J., & Son wal oe we ene bse ivB 
Premier Screw & Repetition Co., Ltd. The he sah ue inte ow. Seven 
Pryor, Edward, & Son, Ltd. ... one — ae awe a -. XxivB 
Ransomes, Sims & Jeffries, Ltd. ont om ~_ ant wes ons .. xiiB 
Reavell & Co. Ltd. iol eas its ben eee mile idl xiiA 
Sanderson —~ & Newbould Ltd. ... she on eh Rae con ... xviii B 
Snow & Co. Ltd. .. eee a sen ous exe ote .. x&xiB 
Stedall Machine Tool Co. Ltd. ale mae ete i ans ee oa iiA 
Taylor, Charles, Ltd. __... wai ee A eee ose nee .. XXIXA 
Taylor, Taylor & Hobson, Ltd. be Se . xivA 
Timbrell & Wright Machine Tool Engineering Co. Ltd. oe re .. XXVIA 
Urquhart, Lindsay & Robertson stenneaniobe Ltd. ... ie “> ive ove. nae 
Voucher Ltd. on ont “ee een on ... ExIVA 
Ward, H. W., & Co. Ltd. sean ee sie oan iad wes rad asl vB 
Ward, Thos. W., Ltd. ... ca a ne: == aus eu 7 SES 
Wickman, A. C., Ltd... — ie dé aa es viiA ixB 
Wolverhampton Die Casting Co. ae es ans nate * Re ma ivA 
Woodhouse & Mitchell Ltd. ... as we lin one ae ons eet ili A 

The fact that goods made of raw materials in short supply owing to 

war condicions ave adiertised in ‘' The Journal” should not be taken 

as an indication that they are necessavily available for export. 
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INSTITUTION NOTES 
February 1944 


March Meetings. 


Lincoln Sub-Section. A meeting will be held at the Technical 
College Lecture Hall, Lincoln, at 6-30 p.m. when V. W. Bone, 
Esq. M.1.Mech.E., will lecture on “ Production in the U.S.A.” 
Coventry Section. A meeting will be held in Room A.5 of the 
Coventry Technical College, at 6-45 p.m. when A. E. Shorter, 
Esq., M.B.E., will lecture on “ Surface Hardening (Shorter 
Process).”” Arrangements are being made for a 30 minutes 
film show to precede the lecture proper. The film will 
commence at 6-15 p.m. 

Yorkshire Graduate Section. A visit will be made to the 
works of Thos. Smith & Sons, Ltd., Rodley, Excavating 
Machinery Manufacturers, at 2-15 p.m. This is a joint visit 
with the Graduate Section of the Institution of Mechanical 
Engineers. 

Coventry Graduate Section. A meeting will be held in the 
Coventry Technical College (Room C17) at 6-45 p.m. when 
G. Hayward, Esq., Grad.I.P.E., will lecture on “Application 
of Electrical Power to Machine Tools.” 

Western Section. A Joint Meeting with the Gloucestershire 
Engineeiing Society will be held in the Technical College, 
Gloucester. 

London Section. A meeting will be held at the Institution of 
Civil Engineers, Gt. George Street, London, 8.W.1, at 7-0 p.m. 
when R. Puleston, Esq., will give a paper on “ The Cathode 
Ray Tube and Its Applications.” 

Birmingham Section. A meeting will be held at the James 
Watt Memorial Institute, Birmingham, at 7 p.m., when 
Norman Salmon, Esq., will lecture on ‘‘ The Technique of 
Deep Drawing as applied to Automobile Pressings.”’ 

North Eastern Section. A meeting will be held at The 
County Hotel, Newcastle-on-Tyne, at 6-15 p.m. when there 
will be an “ Engineering Brains Trust.”’ 

Wolverhampton Section. A meeting will be held at the 
Dudley and Staffordshire Technical College, Dudley, at 6-30 
p.m., when H. Fairbairn, Esq., will lecture on ‘ Design Con- 
xiderations for Applications of Die Castings.”’ 
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March Meetings—Continued. 


18th 


18th 


23rd 


23rd 


24th 


25th 


26th 


29th 


29th 


31st 


31st 


3lst 


Nottingham Section. A meeting will be held in Nottingham 
when H. Pellett, Esq., of BX Plastics Ltd., will lecture on 
* Plastics.” ' 

Preston Section. A meeting will be held at the Royal Oak 
Hotel, Chorley, at 2-30 p.m. when F. H. Bates, Esq., will 
lecture on “ Hard Metal Cutting Alloys.”’ 


Leicester Section. A meeting will be held at The College of 
Technology, The Newarke, Leicester, at 7-0 p.m. when W. L. 
Sims, Esq., A.M.I.E.E., A.M.I.Mech.E., will lecture on 
** Developments in the Electrification of Machine Tools.”’ 


Glasgow Section. A meeting will be held in The Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank 
Crescent, Glasgow, C.2, at 7-15 p.m. when M. R. Hinchcliffe, 
KEsq., will lecture on “ Die Casting.” 

London Graduate Section. A meeting will be held at 36, 
Portman Square, London, W.1., at 7 p.m., when there will 
be a “ Questions and Answers ”’ evening. 

Yorkshire Graduate Section. A meeting will be held at the 
Great Northern Hotel, Leeds, at 2-30 p.m. when F. Grover, 
Esq., M.I.P.E. will lecture on “ The Role of Mathematics 
in Engineering.” 

Luton Section. A meeting will be held at the Luton Library 
Meeting Room, George Street, Luton, at 10-0 a.m. when 
A. L. H. Perry, Fsq., B.Se., A.I.C., of 1.C.1. Ltd., will lecture 
on “* Some Metallurgical Aspects of the Case Hardening and 
Heat Treatment of Steel.” 

Sheffield Section. A meeting will be held at the Royal 
Victoria Hotel, Sheffield, at 6-30 p.m., when R. H. Bebb, 
Esq., will lectu:e cn ‘ Plastic Production.” 

Manchester Section. A meeting will be held at the College of 
Technology, Manchester, at 7-15 p.m. when Dr. R. W. Bailey, 
will lecture on “ Defects in Steel—their Causes, Detection and 
Consequences.” 

Lincoln Sub-Section. A meeting will be held in the Technical 
College Lecture Hall, Lincoln, at 6-30 p.m. when A. B. 
Lloyd, Esq. (Wednesbury), will lecture on ‘ Production 
Loading Systems.” 

Eastern Counties Section. A Jig and Tool Symposium will 
be held. No details yet available. 


Yoventry Section. The Annual General Meeting will be held 
in the Coventry Technical College at 6-45 p.m. 
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March Committee Meetings, etc. 


The Finance Research Committee at Nottingham, 5-0 p.m. 


The Management Research Committee at Nottingham, 
6-0 p.m. 


The Management Research Committee at Loughborough, 
10-0 a.m. 


The London Section Committee at Institution Headquarters, 
12-0 noon. 


The Finance and General Purposes Committee at Institution 
Headquarters, 2-15 p.m. 


The Council of the Institution at Loughborough, 11-30 a.m. 


The Education Committee at Queen’s Hotel, Birmingham, 
10-0 a.m. 
The Membership Committee at Queen’s Hotel, Birmingham, 
12-30 p.m. 


The Technical and Publications Committee meets at Institution 
Headquarters every Wednesday at 5-30 p.m. 


Research Department Appeal. 


The Council of the Institution has decided to launch an appeal 
on behalf of the Research Department, and it is hoped to obtain 
the sum of £5,000 which is required to enable the Department to 
expand its activities. 

The Council gratefully acknowledge contributions which have 
been received during the current financial year from the under- 
mentioned firms and members :— 


a a 
Jones & Shipman, Ltd. aes ibs ee. a 
Frank Guylee & Son, Ltd. ... ae: aa 10 10 O 
Associated Equipment Co. Ltd. ... — mo © 
Weir Precision Engineering, Ltd. ... ae 50 0 0 
Machine Tool Trades Association ... ... 1050 0 0 
E. Pryor & Son si or 20 0 0 
Metropolitan-Vickers Electrical Co. Ltd.... 100 0 0 
Mr. Norman Davies, A.M.I.P.E. ... be 10 6 
Mr. J. C. Kerr, Int.AM.I.P.E. ... ss 5 0 0 
is with great pleasure that we announce the receipt of one 


sand guineas from the Machine Tool Trades Association, 


have intimated their desire to offer the fullest support pos- 
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sible to our Research Department, and to our efforts to obtain 


official recognition by the Department of Scientific and Industrial 
Research. 


Addresses Wanted. 


Considerable difficulty is being experienced by lack of informa- 
tion. concerning the whereabouts of the undermentioned members 
If any member who has knowledge of these addresses will they 
please advise Head Office. 


V.C. Allix, A.M.1.P.E. Charles Hunter, A.M.I.P.E. 
John Barclay, Grad.I.P.E. Henry V. Jarratt, M.I1.P.E. 
Hanus Bloch, Stud.1.P.E. H. D. Jarvis, Grad.1.P.E. 

G. Buckle, A.M.1.P.E. A.C. Ledingham, M.1.P.E. 


C. H. Chinery, Int.A.M.I.P.E. John Lund, A.M.I.P.E. 
John A. Crofton, Int.A.M.I.P.E. A. D. MacIntyre, A.M.I.P.E. 


A. J. Davey, A.M.I.P.E. Eric Mells, Grad.I.P.E. 

C. E. Day, A.M.I.P.E. D. J. Scriven, A.M.I.P.E. 
James W. Foley, A.M.I.P.E. F. C. Shelley, Grad.I.P.E. 
Albert F. C. Foster, A.M.I.P.E. Eric Simpson, Int.A.M.1.P.E. 
V. France, A.M.I.P.E. F. J. Taylor, Int.A.M.I.P.E. 
Lewis J. Fry, A.M.1.P.E. A. E. Thorpe, A.M.L.P.E. 
Monte Gaunt, Stud.I.P.E. William Turner, A.M.I.P.E. 
W. G. Gibson, M.I.P.E. A. J. Voce, MLP.E. 


Bertram W. Gray, Grad.I.P.E. James Wakefield, M.I.P.E. 

Douglas A. Hannay, M.I.P.E. B. H. Wakeman, Grad.I.P.E. 

J. A. Hill, M.1.P.E. Albert J. P. Warwick, M.I.P.E. 
EK. W. White, A.M.I.P.E. 


Obituary. 


We deeply regret to learn of the death of the following members 
of the Institution : 
Mr. J. H. Southcott, A.M.I.P.E. 
Mr. G. T. Sjogren, M.I.P.E. 
Mr. T. H. Hallam, A.M.I.P.E. 
Mr. H. Lythe, A.M.I.P.E. 
Mr. F. M. Bellwood, M.I.P.E. 
Mr. J. Tillotson, A.M.I.P.E. 


Organisation and Control of Factory Production. 


In the December Journal we published an article presented to the 
Institution by the Associated Equipment Co., Ltd., who have asked 
us to make the following reference to it : 

“ With reference to the booklet on The Organisation and Control 
of Factory Production, the Associated Equipment Co., Ltd., point 
out that in emphasising the importance of spreading knowledge 
of Production Control methods, they are largely indebted to the 
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inspiration gained from the arguments of Mr. T. G. Heckels, 
M.I.P.E., for the main lines of the arguments laid down in the 
introduction to the booklet. As it is perhaps not yet sufficiently 
known, Mr. Heckels dealt with these problems on similar lines in 
papers and lectures as long ago as 1931 and 1932.” 


October Journal. 


Will any member willing to spare his copy of the October, 1943 
Journal kindly forward this to Head Office. 
BOOK REVIEW 


The Extrusion of Metals, by C. E. Pearson. Published by Chapman 
& Hall. Price 18/-. 


While this book may not appeal to all Production Engineers, 
it will prove very valuable to all those concerned with the pro- 
duction or use of extruded metals. 

It is a most.useful summary of the available information by one 
well versed in his subject. It is sound, well written, and forms an 
extremely comprehensive survey of the subject. 


W.H.T. 
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POWDER METALLURGY 


Paper presented to the Institution, Coventry Section, on 
5th November, 1943, by W. D. Jones, M.Eng., Ph.D. 


THERE is one thing I would like to say immediately and that is 
that this lecture would be very different in peace time. A considerable 
amount of development work on powder metallurgy is progressing 
in this country and the greatest proportion of this is intimately 
connected with war work. As also is very common with new 
subjects, most of the firms engaged upon development work, for one 
reason or another, prefer to keep their developments on the secret 
list. Lam afraid, therefore, that I shall have to limit my remarks 
this evening very severely to information of more or less a genera! 
nature. Probably, however, it will be possible in the discussion to 
deal with any points of more particular interest to any of the 
audience. 

I propose indicating first what powder metallurgy is and what are 
its typical products. I shall then indicate something of the typical 
physical properties which are nowadays attainable by powder metal- 
lurgy, and finally I would like to try and give some guidance to any 
manufacturer or technical man in the audience who is interested in 
the subject and who may like to commence production or experi- 
mental work. 

Powder Metallurgy can be considered simply as an art of making 
metallic articles or masses by moulding powdered metals. It bears 
very close resemblance to the plastics trade and follows in many 
respects much of the technique used in plastics. 

Broadly, the technique consists in commencing with powdered 
metal, or alloy, or mixture, of a fineness generally less than 100 mesh. 
(In a 100 mesh sieve the aperture is 1/200th of an inch and conse- 
quently the largest particle that will go through a 100 mesh sieve is 
less than 1/200th of an inch in its largest diameter). I have here a 
variety of powders typical of those which are used. The powder, 
or mixture of powders, is inserted into a die and pressed under 
anything from 5 to 100 tons per sq. in. pressure, forming a moulding, 
or pressing, or compact, which is the word generally used in this 
connection, which is then ejected from the die. With all suitable 
commercial powders this pressing stage produces a solid coherent 
compact at least sufficiently strong to permit of moderately rough 
handling, although without any real physical strength. The 
porosity of such a compact is generally more than 10° and may be 
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as much as 50%. Its strength is due to the mechanical interlocking 
of each particle and to the cold welding that has taken place between, 
each particle. The compact is now heat treated, or sintered, by 
passing through a furnace at a temperature generally of the order 
‘of two-thirds of the melting point of the metal or alloy, but this 
ijtemperature is frequently higher than this although always below 
ithe melting point. Normally the compact is protected. from 





Fig. 1.—Photo micrograph of a 200 mesh copper-lead powder (40% lead). 
Magnification 600 


oxidation by maintaining in the furnace a suitable reducing atmos- 
phere, although in some cases good results are obtained by sintering 
in air or ina neutral atmosphere. During the sintering stage actual 
welding of the various particles of metal takes place and the 
aggregate adheres into a strong mass which may, under favourable 
circumstances, have physical properties approaching those of the 
cast or forged metal. 

During this sintering operation there is normally some change 
in the dimensions of the article, either an expansion or contraction, 
and frequently this change is not uniform so that in addition to 
dimensional changes there may be actual shape distortion. As far 
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as possible these changes are kept within very small limits and in 
many cases this can be done to an extent so that on cooling after 
heat treatment the manufacturing process is now finished. Where 
this is not possible, however, and when particularly close dimensional 
tolerances are desirable, the article may be re-pressed in the die, or 
coined, which is the customary term, and the final dimensions 
or shape are thus impressed upon it. This technique, as I have just 
described, is the normal and customary process of manufacture 
and I will refer to it as the cold-pressing technique. Recently, 
however a considerable amount of work has been undertaken and 
some commercial production has been put into operation, both in 
America and in this country, along a modified technique in which 
pressure is applied to the compact whilst it is hot and at its sintering 
temperature. This method is known as the hot-pressing technique 
and gives compacts with substantially different physical properties 
from those obtainable by the cold-pressing technique. I shall deal 
in more detail with this aspect of the subject shortly. 

From what I have just described of these elementary stages of 
manufacture it is possible quickly to form some appreciation of the 
advantages of powder metallurgy in comparison with the more 
normal methods of producing metal articles by casting or forging. 
Firstly, one has to appreciate that in producing a metal mass by 
asting one has to be content with obtaining in the metal only those 
physical constituents which can be produced by crystallizing from 
the melt. Metallurgists are so familiar with cast and forged struc- 
tures in metals that I frequently feel they do not as a rule fully 
appreciate the very marked limitation which casting enforces upon 
the choice of physical constituents in an alloy. Perhaps I can 
make this more clear by indicating that in a mass of metal prepared 
by powder metallurgy it would be quite possible to mix together and 
press and sinter various selected phases out of various alloys which 
one could not possibly obtain together in a cast metal. For example, 
just taking a hypothetical case one might blend together say the 
copper-tin intermetallic compound of the bronze alloys with a propor- 
tion of cementite out of the iron carbon system and embed the 
mixture in a ground mass of nickel. Iam not saying for one moment 
that such an agglomerate would be of any practical use but I am 
putting this forward as an idea of the type of thing which could be 
done by powder metallurgy and which would be impossible by 
casting. One should appreciate also that the same technique 
permits the mixing and compacting together of mixtures of metals 
and alloys with non-metallic materials, such as graphite, abrasives, 
lubricants, and soon. One of the outstanding advantages of powder 
metallurgy is, therefore, that the range of physical constituents 
obtainable in an alloy or aggregate is vastly greater than that 
coming within our present-day range of knowledge by casting. 


Ded 


of 
















THE INSTITUTION OF PRODUCTION ENGINEERS 


Metallurgists are only just beginning to get an inkling of these 






































possibilities and undoubtedly within the next ten years or so all el 
our present-day commercial alloys will have to be re-examined from si 
the point of view of whether it is possible to introduce into them c 
new and beneficial constituents. There are other obvious advantages ti 
of the powder metallurgy technique. One is that there is no wastage b 
of metal. In producing articles by casting there is always very p 
heavy scrap loss in the form of headers, risers, and so on, and even Pp 
in later stages of rolling or stamping out of sheet there is frequently a 
a heavy scrap wastage. This is, of course, entirely avoided by Ic 
powder metallurgy. u 

Another aspect in which powder metallurgy is particularly inter- fe 
esting nowadays, in war time, is the fact that it is frequently c 
possible to press articles finished to size and shape within close i 
tolerances, and thus to avoid a considerable proportion of machin- re 
ing operations. Of course, one might say that such a claim is c 


equally possible for die-cast articles, but I should point out that t 
die-casting in the field of ferrous alloys is not at all feasible at the € 
present time. Arising from this advantage is the saving in skilled i 
labour because powder metallurgy operation permits the manu- € 
facture of the finished part by comparatively unskilled labour which € 
might otherwise require high grade skilled machinists. It will be ] 
seen, therefore, that the powder metallurgy technique, apart from I 
permitting manufacture of articles having properties unobtainable ‘ 
by other methods, has some considerable possibility in producing 
finished articles with a lower manufacturing cost than by customary 1 
methods. Perhaps I can give you an example which illustrates 
these advantages very clearly. I will take the case of the precious 
metals—gold and silver—because one can talk about these fairly ( 
freely without fear of giving away military secrets. Let us take, | 
for example, the manufacture of silver coinage. The present-day | 
method involves a very large number of steps. As far as the silver is 
concerned, commencement is made with impure silver bullion which | 
is electrically refined to produce pure silver cathodes. These cath- 
odes are then melted down into ingots by the silver refiners. These 
ingots are then delivered to the Mint and melted again and alloyed 
with copper and cast into billets. The billets are then rolled out 
by a number of successive rolling operations into the form of strip. 
Out of the strip are punched coin blanks and finally the character- 
istics of the coin are impressed upon the blanks. Consider the large 
number of operations involved in this process of manufacture ! 
There are at least two melting operations, involving considerable 
expenditure of heat and power and a considerable number of inter- 
mediate rolling operations, also involving considerable power and 
labour, some of which is skilled. Now in comparison with this, 
the powder metallurgy technique would be as follows : Out of the 
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electrolytic silver refining bath would be taken directly, not solid 
silver cathodes but silver powder ready for use. In a similar way 
copper powder is obtained. These two powders would then be mixed 
together in the correct proportions and pressed in a die, the coin 
blanks would then be sintered and finally the character of the coin 
produced in a final coining step, Note immediately that in this 
powder metallurgy technique two melting operations are entirely 
avoided and there is only one heating operation at a comparatively 
low temperature. There are no strip rolling steps and there is absol- 
utely no wastage comparable either with that associated with casting, 
or with the punching of the blanks out of the strip. There is also 
considerable all round saving in labour. I think I should have made 
it clear, therefore, that this type of operation in the manufacture 
of coinage, and, of course, in any other comparable article, leads, 
or should lead, to markedly cheaper production costs. The same 
technique, however, again considering precious metals as our 
example, would permit of one obtaining articles having character- 
istics which one could not obtain at all by casting methods. For 
example, either in the case of silver alloys or in gold alloys, it is 
easily possibly purely and simply by modifying pressures and tem- 
peratures, to obtain porous masses. When I say porous I would not 
like you to imagine I am talking about porosity such as one has ina 
sponge. It is easily possible in either silver or gold alloys to produce 
masses or articles having the porosity so fine that it is quite invisible 
to the naked eye. Thus remains the possibility of producing gold 
articles such as rings, jewellery, etc., or silver base articles such as 
knives, forks, etc., having a density substantially lower than that 
of the normal solid article. It would be possible, for example, to 
produce a gold ring which could be certified as 22 carat gold but 
which was only half as dense as the normal article, and because of that 
and also because of the cheaper methods of manufacture, at a very 
substantially lower selling price. These two illustrations should 
give, I think, a rough idea of the reasons why powder metallurgy as a 
technique is going to have a very promising future. Perhaps | 
should balance this by pointing out that the technique also has its 
limitations. For example, one can only manufacture an article of a 
pressable shape and this is a very severe limitation, very much more 
restricting than that imposed by, for example, die-casting, although 
one should remember that it is frequently economical even to pro- 
duce a blank by powder metallurgy and _ finish off producing some 
shape by forging or drop-stamping operation, or even by following 
with a certain amount of machining. This limitation also applies toa 
considerable degree to the plastics industry, but the powder metal- 
lurgy technique is not even so flexible in this respect as that of the 
plastics, because plastics flow readily in a die whereas metal powders 
exhibit considerable frictional forces and can hardly be made to 
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Fig. 2.—‘**S ** Cam Type Press. 


Max. pressing on piece ... 30 tons. 

Approx. rate ... ... ... 15—45 per minute. 
Max. diameter of piece ... 4 inches. 

Max. die fill ... ... ... 6% inches. 


40 








flor 
art 
wil 
ma 


53% GZ 





POWDER METALLURGY 


flow at all, so that it is impossible, at least at present, to produce 
articles having undercut portions, or to produce articles finished 
with a screw thread. This limitation also, for example, prevents the 
manufacture of pressings having extremely thin sections in the 
direction of pressing. There is also at the present time a very definite 
size limitation, if the parts are to be produced in large numbers from 
comparatively inexpensive equipment. ‘There is no real upper limit 
to size provided sufficiently large presses are available, but large 
presses and large dies represent very heavy initial capital expendi- 
ture and very large numbers of articles have to be produced to work 
off this initial expense. Finally it can be said that one of the most 
important limitations at the present time is that the subject is not 
yet sufficiently well known or understood, and that there is not 
enough of it at the moment being practised, with the natural result 
that there is a shortage of the necessary raw materials and also an 
absence of that necessary background or pool of experimental 
knowledge from which production engineers can draw. 

I should now like to run quickly over a list of the various articles 
which are now actually being made by powder metallurgy in order to 
give you some idea of the range and scope of the technique. First we 
will consider porous materials deliberately manufactured so. The 
most well known is the porous bronze bearing which is extensively 
employed in all fields of engineering, particularly in automobiles, 
aeroplanes, tanks, electric clocks. sewing machines, refrigerators, 
vacuum cleaners and so on. It would require a most extensive 
list to cite all its applications and these bearings are now made in 
millions. They excel in circumstances where normally lubrication 
is difficult or perforce infrequent. Their constitution is normally a 
90/10 bronze, sometimes with graphite added, with « fine porosity of 
between 25 and 40% by volume which is filled with lubricating oil. 
In many cases the amount of oil which they contain is sufficient to 
last them for the length of their natural life, although, of course, they 
can be fed with oil in the normal way, in which case the pores act as 
a filter for solid impurities. They are marketed in a wide range of 
standard sizes and the American technical press has recently stated 
that such bearings up to 60 lb. in weight are now being manu- 
factured. It is wrong to imagine that these bearings are suitable 
only for very light loads. Particulars of suitability to requirements 
can, of course, be obtained from the manufacturers but as an indica- 
tion one can consider the formula quoted by the Bound Brook 
Bearings (G.B.), Ltd., namely, PV = 50,000 where P is the load in 
pounds per sq. in. on the actual bearing area and V—shaft velocity in 
feet per minute. Porous bearings are also being manufactured from 
iron powder and a mixture of iron and copper. On much the same 
lines porous compacts are being manufactured and sold as filters for 
various solutions. Their composition includes bronze, cupro- 
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nickel alloys and nickel. A number of very important war appli- 
cations have recently been found for such porous metal filters. 
Porous metal in the form of pellets is also used as a catalyst. 

Powder metallurgy has also entered into the field of non-porous 
bearings. It has been found that powder metallurgy is a most excel- 
lent method of manufacturing copper-lead and copper-tin-lead 
bearings. The author has given a description of this subject in 
the October issue of Metallurgia which may interest the audience. 
Apart from simple copper-lead bushings, steel backed bearings of 
this type are being manufactured both in America and this Country 
by sintering a layer of copper-lead or copper-tin-lead powder on 
to a steel backing. The General Motors Corporation have published 
an account of a much more elaborate bearing of this type consisting 
of a sintered copper-nickel sponge bonded on to a steel backing 
and subsequently impregnated in vacuum with a molten lead base 
bearing alloy. 

In the field of semi-porous or more or less non-porous materials 
comes the extensive range of iron components which are being 
manufactured in the United States and to a limited extent in this 
Country from ferrous powders. These parts have hitherto been 
almost entirely employed in non-stressed or very lightly stressed 
positions, and have been particularly popular just before the war 
in automobiles. The most well-known example is a small gear 
used to circulate the oil in a General Motors’ Car. In the past this 
gear was machined from a cast blank at considerable cost. The 
powder metallurgy job is not only cheaper in manufacture but is 
in every way superior from the point of view of physical properties. 
Itisdifficult toitemise with any accuracyexactly what parts are being 
made at the present time in America from ferrous powders but as an 
indication the following has been published listing some of the parts 
produced in 1942 by General Motors and Chrysler : Thrust washers, 
fan bearings, oil pump gears, levers, cross heads, cams, automotive 
splined jack nuts, Gyrator gear sets, bearing retainers, indexing 
dises for dividing heads and various aircraft components such as 
instrument parts. engine-mount parts, carburettor shafts, pulleys, 
bomber turret parts, propellor parts, etc. To a limited extent a 
number of steel parts are being made in America by hot pressing. 
I shall give some description of this shortly. 

There is a very wide range of special property non-porous articles 
made by powder metallurgy. I shall mention some of the more 
well known such as the nickel-iron-aluminium magnet. Alloys of 
this type are most difficult to melt and cast free from defects, 
particularly in view of the fact that they are so frequently required 
in very small sizes. In addition the cast alloy is mechanically 
weak and easily broken in shaping and is too hard to be machined 
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other than by grinding. Approached from the standpoint of powder 
metallurgy it is a comparatively simple proposition and although 
there is some doubt concerning whether the magnetic properties 
are so satisfactory as with a cast magnet, there are outstanding 
balancing advantages from the powder job. In the first case no 
casting method can approach the degree of accuracy with which the 
composition can be controlled by powder metallurgy. Secondly 
the sintered magnet does not suffer from coarse crystalline growth 
which renders the cast magnet so weak. Thirdly the sintered 
magnet does not suffer from typical casting defects such as blow 
holes, cold shuts, cracks or segregation of impurities to the grain 
boundaries, and lastly the dimensions of small sizes can be very 
closely controlled and any grinding that may have to be undertaken 
is very much less than that associated with the cast magnet. 


Contact Materials. 


The modern contact material is a very fine example of powder 
metallurgy. Successful electrical contact materials are required to 
possess a formidable range of qualities. They should embody in 
the one alloy high electrical and thermal conductivity, high melting 
point, high hardness and wear resistance, low contact resistance, 
low vapour pressure, resistance to formation of tarnish films and 
resistance to welding and formation of pits and beads caused by 
arcing or transfer of metal from one contact to the other. There 
is no known cast metal or alloy which has any pretention of being 
able to meet all these requirements at one and the same time. It 
is possible and perfectly practicable by powder metallurgy, however, 
to combine together the high hardness, resistance to welding and 
pitting, and high melting point of tungsten or molybdenum or 
tungsten carbide, with the much superior thermal and electrical 
conductivity and contact conductivity of copper or silver, and to 
produce a material having the individual qualities of both. It is 
important to note that the two substances, although combined 
together in an extremely fine state of division, are nevertheless not 
alloyed and therefore both substances preserve their qualities 
uninfluenced by the other. This isa state of affairs which could only 
be attained by means of the powder metallurgy technique. An 
extensive range of such contact materials are now manufactured 
covering, among other compositions, tungsten-copper, tungsten- 
silver, molybdenum-silver, tungsten carbide-silver, silver-nickel, 
and silver graphite. The processess by which they are manufactured 
follow the standard technique of powder metallurgy and are not 
in any way remarkable. 

In the field of powder metallurgy components which contain a 
non-metallic constituent there are several outstanding examples. 
One is the clutch facing or brake lining which has to withstand very 
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severe working conditions when fitted for example to the modern 
bomber. These are being made in large numbers in the United 
States by powder metallurgy. One example described in the press 
is made up of 60-76% of copper and 5-10°% tin providing a ductile 
bronze matrix, 5-10% iron is added as a hardener axd to alleviate 
seizing during engagement of the clutch, 5-15°% of lead to provide 
lubrication even at high temperatures and to relieve grabbing, 
2-7% fine silicon as a frictioning agent and 8% graphite as a lubri- 
cant during pressing and to provide sufficient porosity to expose the 
silicon granules for contact. Thin wafers of this material having a 
porosity of 25% are sintered and welded to a steel backing to provide 
the necessary structural strength. This is a striking example of 
an article which could not be made by any other methods. 

A good case of a hot pressed metal-non metal composite is the 
diamond impregnated tool. These are now made in large numbers 
both in this country and in the United States in the form of slitting 
wheels, lapping wheels, rock cutting saws and rotary drills, etc.; 
the composition is generally bronze or iron or sometimes cobalt 
with a diamond content generally of the order of 25-35% by volume 
in anything from 400 to 10 mesh. The properties of the matrix 
are so adjusted that it will wear away under the conditions of usage 
at the same rate or very slightly faster than the diamond and thus 
fresh cutting diamond edges are being continually exposed. 

Unfortunately many people for one reason or another have 
obtained the impression that all parts made by powder metallurgy are 
very porous and in any case must be weak. Nothing, as a matter 
of fact, could be further from the truth and actually both the hardest 
and the strongest manufactured materials are made by powder 
metallurgy. The hardest manufactured materials are carbide 
tools. A variety of compositions are employed but the simplest 
type consists of an extremely fine tungsten carbide powder sintered 
and bonded together with a small proportion of cobalt. It is a good 
example of how by powder metallurgy one can combine together in 
the one material the hardness of the hard metal particles with the 
toughness of the bonding metal to produce an aggregate having 
some of the properties of both. It is a job one could not do in any 
other way. 


The strongest known material is probably tungsten and it is not 
often generally appreciated that the methods by which the refractory 
metals such as tungsten, molybdenum, tantalum and others are 
worked up are pure and simple powder metallurgy. Most of these 
metals can be cast but the cast product is in every way inferior to the 
powder product. 


General experience gained with powder metallurgy and in particu- 
lar with the refractory metals has shown that it is a technique which 


45 











THE INSTITUTION OF 





PRODUCTION ENGINEERS 
is particularly suitable for the working up and consolidating of 
metals in mass (as distinct from the manufacture of articles). Over 
the normal processes of smelting and casting, powder metallurgy 
shows several advantages, in particular it is possible to control 
compositions with precision, it frequently permits the production 
of purer metals, it obviates casting defects such as blow-holes, 
inclusions, etc., it allows control over grain size and shape which 
cannot be approached by casting, and last but not least, frequently 
introduces a considerable saving in power and labour expenditure. 
These advantages are familiar to the workers in refractory metals 
but are only just beginning to be appreciated by the metallurgist 
handling the everyday metals—iron, nickel, copper, ete. It is an 
interesting speculation whether the metallurgy of the commener 
metals will become powder metallurgy. There are indications that 
this is taking place and one recent example is the coalescence process 
for copper, which is no more than a method of extraction metallurgy 
for extracting and working up copper from its ores, but it is powder 
metallurgy pure and simple, and inasmuch as the product appears 
to have improved qualities with respect to electrical conductivity, 
ability to absorb cold work and freedom from casting defects, it is 
a technique which is likely to develop and extend in the future. 
Having broadly covered the field of application of powder metal- 
lurgy I would like to say something about the physical properties of 
ordinary everyday materials such as iron, copper, brass, bronze, 
light metals produced by powder metallurgy in comparison with 
cast materials, The commercial introduction of powder metallurgy 
as a technique in competition with die casting or forging is quite new 
and has not yet progressed’ sufficiently far to be able to say much 
about what results are obtainable. Surprisingly little has been 
published or is known in detail about the physical properties of even 
the more common alloys made from powders and it remains for 
private enterprise or research workers yet to study the whole field 
of commercial alloys from the powder point of view. I cannot 
therefore quote much in the way of reliable figures. One other 
direction in which I should be cautious is to make a distinction 
between the physical properties of those parts actually made and 
sold in large numbers and of those physical properties which have 
been obtained experimentally in the laboratory. Considerable work 
by many people including myself has shown that it is possible to 
obtain most excellent physical properties in many metals and alloys. 
For examplé I have shown myself that there is no difficulty in mak- 
ing a 50 ton steel, but it may be considerable time yet before these 
results can be translated into commercial production. There may 
by several reasons for this such as, for example, absence of the right 
type of powders, insufficiently developed apparatus for quantity 
production, too high a die wear and so on. Sometimes one of the 
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delays is not that the job cannot be done commercially but that the 
firm which could do it have merely not received sufficiently big 
orders of any one component to justify them commencing pro- 
duction. I shall take care therefore to distinguish between results 
obtained in the laboratory and those quoted on commercial pro- 
duction. 

Copper. Although there appears to be most interesting pos- 
sibilities attached to the sintering of copper, [am not familiar with 
any commercial application. Entirely reliable figures for cold pres- 
sing technique have not been published but Sauerwald has reported 
a tensile strength of approximately 12 tons sq. in. after 6 hours 
sintering at 715°C. I have no doubt that this figure could be im- 
proved in commercial production. Trzebiatowski has reported 
unusual hardness values of 175 to 180 Brinell accompanied by 
good electrical conductivity in copper pressed under 200 tons 
sq. in. provided it is not heated above 200°C. By pressing at 275 
to 300°C. under 100 tons Trzebiatowski obtained a density of 
8.9 (within 1° of the calculated theoretical density) a Brinell of 
160 and a specific resistance of 18 x 10—3 ohms. m.m. 2 metre. 
By hot pressing atomised copper powder at 940°C. I have obtained 
without difficulty a maximum stress of 15 tons sq. in. and an elonga- 
tion of 60 %. 





Brasses. Articles made by sintering brasses are understood to 
be in commercial production in America but no results relating to 
their mechanical properties have been published and no laboratory 
results have been puslished reporting results obtained by the cold 
pressing technique. By hot pressing a mixture of copper and zinc 
powders at 800°C. Unckel claimed a tensile of 74 tons sq. in. which 
appears to be tidiculously low. By hot pressing a powdered 
70/30 brass in air at 300°C. below the melting point under 5 tons 
sq. in. I was able to obtain a maximum stress of 15 tons sq. in. 
accompanied by 21% elongation. 

Bronzes. Similar remarks apply to bronzes. Working with 
mixed powders Unckel has reported a tensile of 18 tons sq. in. and 
a Brinell of 131 by hot pressing at 770°C. and with a 10% bronze a 
tensile of 23 tons sq. in. and a Brinell of 135. Hot pressing at 800°C. 
with a 7% powdered alloy I have obtained a maximum stress 
234 tons sq. in. accompanied by an elongation of 75%. This is 
a remarkable elongation in view of the fact that the heating and 
pressing was conducted in air. 

Light Alloys. ess has been published on the subject of pressing 
light alloys than anything else and this is particularly strange in 
view of the fact that results in this sphere appear to be most promis- 
ing. I doubt if any light alloys are commercially produced by powder 
metallurgy but a considerable amount of laboratory investigation 
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has been undertaken in this country. Cremer and Cordiano state 
that results have been obtained which compare favourably with 
cast or forged alloys. By the cold pressing technique with an alloy 
of aluminium containing 2.5°%% copper and 4% magnesium sintered 
at 610°C. for 30 minutes in nitrogen they quote a tensile strength 
of 40,000 lb. sq. in. Results have also been reported with a 4% 
copper alloy similarly treated but precipitation hardened at 188°C. - 
for 4 hours giving a tensile of 38,000 lb. sq. in. and a 10% elongation 
and a Rockwell of B45. Light alloys are also known to behave 
excellently under hot pressing and there is little doubt that there is 
a considerable future for powder metallurgy in this field. 

Iron. Those interested in the phycial properties of iron parts 
should read a valuable article on the subject in Metallurgia, 
August, 1943. A considerable weight of small parts are now being 
produced in iron carbon mixtures by cold pressing but the physical 
properties are rather poor. This is caused primarily by the necessity 
of using a low cost low quality iron powder and by the limit that 
die life sets upon cold pressures. Such parts as I have exhibited 
have mechanical properties similar to an ordinary grey iron. Com- 
mercially produced iron parts show, depending on the cost, a tensile 
from 15,000 to 35,000 Ib. sq. in. accompanied either by no ductility 
or an elongation of less than 5%. It is probable that the immediate 
future will see a great improvement in the mechanical properties of 
commercially produced iron parts and I see no difficulty in obtaining 
with a cheap iron powder a tensile of over 20 tons sq. in. although 
without appreciable elongation. Working with more expensive 
and pure qualities of iron powder very much better results are pos- 
sible and if sintereing is followed by forging or repressing and re- 
sintering then the results are excellent. Using electrolytic iron 
powder cold pressed and sintered at 800°C. in hydrogen Eilander 
and Schwalbe report a tensile strength of 18} tons sq. in. and an 
elongation of 14%. Libsch, Volterra and Wulff on electrolytic 
iron report a tensile of 28,000 lb. sq. in. and an elongation of 14°% by 
sintering at 850°C. By cold pressing at 33 tons sq. in. and sintering 
for 4 hours in dry hydrogen at 825°C. they obtained a tensile 
strength of 31,000 Ib. sq. in., an elongation of 16}%, a density of 
7.27 and a Brinell of 38.4. It by no means follows that the only 
scope of powder metallurgy is the manufacture of finished articles 
and there are considerable possibilities in using the technique 
simply as a producer of raw material which, after suitable mechanical 
treatment is subsequently forged or shaped. It is interesting to note 
that Koehring reports results in which a decarburised steel powder 
with 0.25-0.35°% added carbon was pressed and sintered and hot 
forged in a die and slowly cooled. Tested on a standard 5 in. test 
piece the density was 7.1, tensile strength 73.300 lb. per sq. in., 
yield point 51,200 Ibs. sq. in., elongation 23% on 2 in. and 32% 
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reduction of area with a Rockwell of B 74-85. Such a technique 
is entirely a commercial proposition and it is a mistake to consider 
that hot pressing is not, feasible on an industrial scale. Excellent 
mechanical properties are easily obtained on quite ordinary 
powdered materials. For example, working with coarsely powdered 
steel turnings in the production of a bearing lock sleeve on a Chevro- 
let car, cold pressing followed by sintering at 1050°C., and then hot 
forging gives a material claimed to be thnee times as strong as a cast 
iron. In a somewhat similar manner, working with a powdered 
cast iron or normal composition hot pressed at 1000°C. I have been 
able to show tensile strengths as high as 36 tons sq. in. 

Perhaps now it would not be out of place if I were to presume 
to attempt to give some advice to anyone here who might like to 
commence manufacturing in powder metallurgy. Although there 
are very few firms actually engaged in manufacture in this country 
at the moment, there are nevertheless a large number of concerns 
which are actively interested in investigating the subject and in the 
course of my consulting work at the present I have to advise some- 
thing like one, two, three or four people each week on the subject 
of how to begin. The situation in most of these cases is fairly 
similar and therefore I feel that it might be possible to generalise 
the type of advice which I offer in the circumstances. The principle 
handicap under which nearly everyone suffers is the lack of technical 
men who have any knowledge of powder metallurgy. I don’t want 
to give the impression that the technique is in any way at all dif- 
ficult or unusually tricky, but it is nevertheless quite a new and 
unusual branch of metallurgy and in my experience the average 
metallurgist or chemist or engineer feels quite at sea when approach- 
ing the subject and hasn’t the ghost of a notion of how to go about 
handling metal powders. Under such circumstances it is quite 
futile for any organisation not furnished with experienced staff to 
contemplate manufacturing immediately any selected article. The 
first step is to train a suitable man or men in the general technique 
of the subject. Powder metallurgy is partly metallurgy and partly 
tool and die making and in selecting suitable men this should be 
borne in mind. Steps should then be taken to equip a small experi- 
mental laboratory and this need not be at all expensive. Many 
organisations are already equipped with some sort of press but in 
the absence of this such a press would be the chief item of expense. 
It is most important that whatever press is employed it should be 
possible to determine with considerable accuracy the pressure 
employed. A suitable type would be a 100 to 200 ton hydraulic 
press fitted with a high speed rotary pump and a by pass valve 
to cut off at any preselected pressure. The type of furnace 
and atmosphere used depends somewhat on the types of alloys 
in which the manufacturer is generally interested and this will 
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determine obviously the temperature range of the furnace such as 
1050°C. max. for brasses and bronzes and light alloys, 1200°C. 
max. for iron parts, or 1600°C. max. for refractery metals. 
For experimental work hydrogen or cracked ammonia are most 
generally useful and at a later date it can be decided whether 
a cheaper atmosphere or possibly an extremely pure atmos- 
phere is necessary. The furnace could be quite small. A muffle 
4 in. wide by 3 in. high and a hot zone 12 in. long preferably fitted 
with an extended water cooled zone will handle a wide variety of 
experiemental pressings. Some of the electric furnace manufacturers 
in this Country are quite experienced in designing suitable sintering 
furnaces. The laboratory should include besides obvious items of 
equipment a small mixing drum for blending together powders, 
possibly a small ball mill, an instrument for determining the 
apparent density-and the flow factor of the powders used, and some 
equipment for measuring the particle size distribution. I would 
then suggest that general experimental work is undertaken in the 
laboratory until the staff thoroughly understand the whole technique 
of handling powders, pressing and sintering and are familiar with 
all the factors which control strength, porosity, and expansions and 
contractions etc., inthe alloys chosen. In this connection one could 
not do better than to follow broadly the experimental scheme 
outlined in Baeza’s book “A Course in Powder Metallurgy,” 
published by The Reinhold Publishing Corporation, New York. If 
possible I think I would add to this the experimental production 
of test pieces either of full size for a normal tensile test or for pulling 
in the Tensometer or similar instrument. Such experiemental work 
should be paralleled by the investigator with a course of reading 
covering the whole field of published literature on the subject, which 
is now quite large. Norma Macdonald’s recently published 
bibliography may be helpful in making a start. 

After some months work along these lines the organisation doing 
such work will be in a very much better position to decide what 
manufacturing steps to take, and will now have a nucleus of staff 
which not only understands the general technique but are in a 
position to advise what are the possibilities and limitations of 
embarking upon the manufacture of any particular article. 
Furthermore, when it comes to purchasing high speed mechanical 
presses and full size sintering furnaces they will be in a 
position to design dies, state precisely what are the charac- 
teristics of the powders involved, specify exact pressures and 
say exactly what temperature-time cycles are desirable. When, 
however, large size plant is installed the experimental work is far 
from being finished and a whole series of new problems will emerge 
particularly connected with the die design and die wear and it will 
probably be necessary to commence manufacturing some article for 
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some time without thought of making any profit out of it. Finally, 
when it comes to the point of choosing some suitable article I think 
the best advice I can give, which I am sure is superfluous to this 
audience, is—Don’t make anything you are not quite sure you can 
sell. One would say a great deal on this subject but I am sure it is 
not necessary. As I have already pointed out, there are broadly 
two types of article to choose from—one which could not be manu- 
factured in any other way than by powder metallurgy. This is 
possibly at present the safer type of article to choose and if some un- 


usual and specific property of powder metallurgy is taken advantage 


of there is generally not much necessity to worry unduly over costs. 
The other type of article is that which could be manufactured in 
some other way, by machining for example. This road is at present 
rather tricky. In general it is dangerous to employ powder metal- 
lurgy on such an article just for the sake of employing a new 
technique and a particularly careful investigation should be made 
based on the experimental production of several thousand pieces 
that the powder metallurgy product really is either better or cheaper 
than its competing article. When there is more than one road to 
Rome we must be careful of taking the right one. 


Discussion 


Mr. A. W. BucKLanD: Mr. Chairman, Dr. Jones, this is a subject 
on which I am very much at sea, so I stand a good chance of display- 
ing a considerable amount of ignorance. While Dr. Jones gave us a 
lot of data concerning the production of those specimens after he got 
his powders, I am still a little in the dark as to how he would 
produce his powders. I wondered whether it is a balling process, 
or just in what manner it is carried out? Associated with that, 
Dr. Jones also made the point that powder metallurgy shows a good 
prospect of saving metal, and that brings me back to the same 
point again—is there any great waste in the production of the 
powders? I should have expected that quite an amount of powder 
would have been produced below the grain size at which he was 
attempting to make his powder. 

Dr. Jones : Metal powders are produced by many methods. Cop- 
per powder can be produced electrolytically or by reduction of copper 
oxide ; iron powder by electrolysis, reduction or by atomising from 
molten metal. If the metal is very brittle or weak, then it is fre- 
quently pulverised or ball milled. Almost any alloy that can be 
melted can be atomised and solders, bearing metals, brasses, bronzes, 
stainless steel and other alloy steels are made in this way. There 
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may frequently be some oversize or undersize, but generally 
speaking a manufacturer would not consider it a manufacturing 
proposition unless he got at least 80% of the type of powder he 
required, and even then there might be some market for the 
residue. 


Mr. J. B. Scott: There are two points I should like to raise, 
Firstly, I believe Dr. Jones said that parts with screwed threads 
had not been satisfactorily produced, or were not produced at all, 
and I should like to know why. The second point is, suppose you had 
a simple type of bushing which you wished to harden on the inside, 
would you do that hardening by mixing the powders or is it possible 
to apply case hardening or some such other process ? 

Dr. Jones: I am not familiar with any process in commercial 
production in which a screw thread is put on the part, and the reason 
is that the metal powder would not flow sufficiently in the die. 


Mr. J. B. Scorr: In that way it differs from bakelite mouldings ? 


Dr. Jones: Yes, that is the reason. Hardened iron parts are 
being made and can easily be made. The hardening can be done 
during the sintering by introducing carbon from the atmosphere 
used in the sintering operation, or the iron part can be carburised 
by any other method. 


Mr. SHANNAHAN: There are three points I should like to raise, 
Dr. Jones. They all concern, the manufacture of Tungsten-Carbide- 
Cobalt alloys. In the first case, I think it is fairly well known, and we 
have found, that the finer the grain size the harder is the resulting 
compact. I should like you to tell me why this is. The second 
question is, in sintering these materials it is possible to over-sinter 
them and what happens is that we get a decrease in hardness and 
a decrease in porosity. We think that the deterioration is due to 
the running out of the Cobalt. The third question is, does the rate 
of cooling after sintering affect any of the properties ¢ 

Dr. Jones: I think it is quite a general case in many alloys that 
the finer the powder employed the harder is the resulting compact, 
providing the sintering temperature is the optimum one. Why that 
is exactly the case I doubt if anyone has yet sorted out, but it is 
obviously due, I should think, and is connnected with, the specific 
area involved. When you get down to exceptionally fine powders, 
the total area must be very large indeed, and if hardness is connected 
in any way with boundary blocking of crystal slip, then an explana- 
tion along those lines can readily be visualised. I have myself 
always understood that the loss in hardness in over-sintering was 
simply due to excessive grain growth. 

Mr. SHANNAHAN: The point there was that we have noticed an 
increase in porosity as well. 
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Dr. Jones: I doubt if there is any real decrease in density. 
Probably all that happens is an increase in the maximum size of the 
pores caused by redistribution of theobalt. Possibly gas evolution 
may be an additional factor. 

Mr. SHANNAHAN: And the rate of cooling ? 

Dr. Jones: I do not know. 


Visiror: Dr. Jones mentioned diamond impregnated tools. 
I don’t know whether he could give us any information in connection 
with the methods employed in America for producing such tools ? 

Dr. Jones: I do not know about America, but I can tell you about 
British practice. Would that be of any help to you? In most cases it 
is hot pressing. Lapping wheels, and particularly slitting discs 
and rock drilling tools are all hot pressed to my knowledge. usually 
in bronze or in cobalt. I understand that one of the larger firms 
in America producing diamond impregnated lapping wheels, makes 
them out of a bronze Matrix of a copper and tin powder by cold 
pressing followed by sintering. In this country, similar lapping 
wheels, I understand, are being experimentally investigated and the 
American technique is not considered a good one. 

VisirorR: Do you know anything about the temperatures ? 

Dr. Jones: Hot pressing in iron would be done somewhere 
between 975 and 1050°C. 

VisiTor : Do you know the atmosphere at all, in iron ? 

Dr. Jones: For such materials as diamond impregnated wheels, 
where money is no object. I should say pure hydrogen. 

Visitor: You have a small contact ring on the table there ; is 
that a finished article straight from the press? Or has it been 
machined ? 

Dr. Jones: Some of these samples of contacts have been 
machined after sintering.. 

Visitor: What accuracy can you guarantee from the pressing ! 

Dr. Jones: Let us take these porous bronze bushings: on this 
class of material up to 2in. diameter on the simple cylindrical 
bushing, manufacturers in this country and in America claim a 
tolerance of about .002in. On the length, they are not so good, by 
any means, about .005 in.—007 in. 

Visitor: Could you reasonably eliminate all machining at a 
reasonable accuracy ? 

Dr. Jones : There is no machining in any of these porous bronzes 
at all. 

VisIToR : What is the difference in the wear, in quality, compared 
with one made from the solid metal ? 

Dr. Jones: This is claimed to be substantially better. It is a 
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POWDER METALLURGY 


softer material, but has better wearing properties because it absorbs 
oil. 

Vistror: Therefore it is more porous ? 

Dr. Jones: Yes. This has a porosity of about 20% . 

Mr. H. A. Drane: I was rather interested in the development of 
the process and I would like to know a little more about the prior 
granulation of the powders, as in the pharmaceutical industry. 

Dr. JonES: Something a little similar to granulation has been 
used in some cases. Very fine powders do not flow, and in automatic 
presses they have to flow. There has been one example where two 
very fine powders of a different composition were heated together to 
diffuse one into the other and so obtained an alloy, and at the 
same time a coarser powder, but that technique is not likely to 
become popular. 

Mr. H. A. Drane: I believe that the flow characteristics in the 
main are very poor, and what I had in mind was the suggestion that 
it would be possible to include oil in the compact. 

Dr. JonEs: It has not been applied. It has been thought of, but 
it has not been used. 


Mr. H. A. Drane: It seems an obvious way of getting over the 
die wear question. 

Dr. Jones : Don’t let us mix up the two issues—materials such as 
graphite or paraffin are added frequently, particularly in Tungsten 
Carbide manufacture, to assist pressing and reduce die wear, but not 
from the point of view of making the powders flow. 


Vistror: I should like to ask Dr. Jones a question regarding 
Tungsten-Carbide. These powders can be pressed under very low 
pressures, but a sintered compact is obtained having negligible 
porosity. This is hardly possible with any other powder that | 
have come across, and I wonder what explanation there is to 
that ? 


Dr. Jongs : I think is it right to say that it is not entirely under- 
stood. It is quite a complex matter, but a reasonably satisfactory 
explanation has been provided by Messrs. Price, Williams and 
Garrard in their published work on Heavy Alloy. It occurs in 
circumstances where one of the phases is molten and solution and 
reprecipitation of the fine particles of the solid phase takes place in 
the liquid phase. That also occurs in Heavy Alloy, and there are 
also several other alloys in which it can take place. 

VisiToR : Is it anything to do with fine grain sizes ? 

Dr. Jones: Yes, certainly. I think it is definitely connected 
with it. To get that effect you have to use powders finer than 
20 microns. 
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Mr. JACKMAN: Mr. Chairman, there are two points I should like 
to raise. The first is, is there any danger of cracks occuring during 
the pressing operation ? The second point is on die wear ; can you 
give us any idea how many of those bushes, for example, we could 
produce from a set of dies ? 

Dr. Jones : Cracking is a very great difficulty. It often happens 
and it causes more headaches than anything else. It is more a 
question of die manufacture than anything else—it is one of the 
tricks of the trade one has to learn by experience. In connection 
with die wear, I would not like to give you an exact figure of when 
you would have to touch up a die, but in commercial practice I dont 
think you would get less than 10,000 out of a die set before you 
abandoned it. 

Visitor: On the question of gas. Have any experiments been 
carried out to find whether air is trapped after it has been kept under 
the pressure for some time ? 

Dr. Jones: I think I can say yes, definitely. It is well known 
that air is entrapped in pressing—there is no doubt about it at all. 

VisitioR : Could I then ask if it would be possible to apply a high 
vacuum ? Would that improve it ? 

Dr. Jones: It is, in fact, done. 


Mr. A. W. Buckianp : If I might ask another question, is there 
any amount of draw on those dies, or are they perfectly parallel ? 
I imagine one might have a little difficulty with ejection.? 


Dr. Jones: Generally, none at all. 


Visitor: Dr. Jones mentioned the fact that there is both con- 
traction and expansion on sintering. I have never heard of any 
case of expansion. 


Dr. Jones: I am not going to explain it—I could talk about that 
for a very long while, but it is quite frequent in bronzes for example 
I have known it with several alloys—I can remember it particularly 
in connection with silver, but I prefer not to discuss that; it 
is a very long subject. 

VisirorR: Is there any National Research Association which is 
interested in the development of Powder Metallurgy ? 

Dr. Jones: None that I know of: the subject has not yet 
apparently been recognised in academic circles. 

Visitor : Is there any difficulty with oxidation of the powders in 
the containers, or has that been successfully overcome ? 

Dr. Jones: Steel and iron powders, once having been manu- 
factured, keep fairly well. Broadly speaking, a satisfactory iron 
powder would not substantially change in six months. Some 
powders, however, are not so good. Copper goes off fairly quickly 
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and lead quickly. On the other hand, aluminium powder seems to 
keep almost indefinitely. 

Visitor: Does it affect the properties ? 

Dr. Jones: Yes. 

Visitor : It weakens it ? 

Dr. Jones: Yes. 


Visitor: There is just.one other question, whether powders 
are now manufactured on such an economic basis that Powder 
Metallurgy can compete with other processes ? 

Dr. Jones: In America, yes. In this country, as far as ferrous 
powders are concerned, no. In this country, metal powders are being 
manufactured and I think practically any powder that anyone wants 
they can have, but up to the moment no consumer has required’ 
sufficient to justify any manufacturer putting down a large 
commercial plant. It is only waiting for the consumption to rise. 
Non-ferrous powders are, however, available in bulk at competitive 
prices, 

Mr. R. R. Brrratn : There is one question I should like to ask. I 
believe Dr. Jones mentioned the fact that among the uses to which 
powder metallurgy could be put is that of providing a catalyst. 
Could you enlarge on that please ? 

Dr. Jones: I don’t know much about it, but I have had some 
connection with it. The product consisted of small pellets of 
extremely porous iron or nickel, with a porosity of some 60% or 
70%, using very fine and pure powders. Why they are used and 
why they are good, I don’t know. 

Visitor : What is the limitation on the dimensions you can pro- 
duce? I assume that there is a limit—that is, if they become too 
bulky they probably cannot by sintered properly, that is, it would 
not be uniform all the way through and I suppose that castings 
would have an advantage over an article made by this method ? 

Dr. Jones: I should think that that particular limitation con- 
nected with sintering is bound to be experienced sometime. The size 
limitation at the moment is connected entirely with capital cost of 
plant. 

Mr. A. W. BuckLtanD: What is the largest article, in the 
lecturer’s experience, made from powder metallurgy. 

Dr. Jones: A porous bronze bushing of approximately 614 lb. 
in weight has been made. 

Mr. W. J. AnstEy: From listening to Dr. Jones’ lecture to-night, I 
think Powder metallurgy is a subject which I will have to take an 
interest in, and so will all of us. Dr. Jones points out that up to date 
the uses of powder metallurgy are limited to articles lightly stressed 
There appears to me to be a field of investigation for all of us, 
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particularly the younger members, who I am sure will welcome a new 
subject which they can just dig into. It is evident that we are on 
the threshhold of a new technique, and we are grateful to Dr. 
Jones for coming down here to give a lecture to the Coventry 
Section. We pride ourselve that we in Coventry endeavour to give 
to our members the latest information and to-night the lecturer has 
given us up-to-date information on a subject which will in the future 
be of great importance. I cannot add very much to it from my 
own knowledge ; we use quite a number of articles made by powder 
metallurgy, but I have never been interested in how they are made 
as long as they work and cut down the costs of production. | 
feel that we shall all go away from here with the incentive to in- 
vestigate this subject further. 

Mr. H. A. DraNne: Mr. Chairman, I have very great pleasure in 
proposing a vote of thanks to Dr. Jones. 

Mr. Smit : On behalf of the Metallurgy and Chemistry Students, 
I must thank the Institution and Dr. Jones for giving us this lecture. 
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ASSEMBLING BOMBER WIRING CABLES 


Paper presented to the Institution by 
R. C. Willan 


Iv is required to pass a number of cables of varying thick- 
ness into, and through, tubes made of Polyvinyl—a plastic material 
developed to meet the conduit requirements of the Air Ministry 
These tubes vary in length ranging from several inches to something 
like 40 feet. The cables are, of course, slightly longer than the con- 
duit to allow for the Plug and Socket fixing at each end, as will be 
clearly seen in Fig. 5. 

It will be appreciated that the difficulties experienced in thread- 
ing 30 to 40 feet of cables, 20 at a time, through, say, | in. bore 
Polyvinyl tubing were considerable. 

In the early days the method was to pass gas piping through 
the Polyvinyl tubing, attaching the end to a bunch of cables and 
then draw them back through the conduit, a method which was 























Fig. 1.—-General diagram of apparatus 


slow and laborious, and not altogether satisfactory, more especially 
on the tight assemblies. Other firms were faced with the same 
difficulty ; in due course, however, we contacted a firm which had 
been engaged on similar work for some time, and their method of 
handling the operation was in principle, adopted. 


Description of Apparatus. 
Fig. 2 shows the apparatus looking from the winding end and the 


operator can be clearly seen working the winding gear marked ‘‘A”’ 
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Fig. 2.—Assembly apparatus 


in Fig. 1; “‘C” is an anchor for the opposite end of the conduit 
(Fig. 5); “D” is the foot control (Fig. 3) which controls the air 
inlet and also the brake on the winding drum; “ E ”’ is the trough 
which supports the tubing ; ‘‘ F ”’ is the bullet to which the pulling 
cable is attached. “‘G” shows the cables as assembled in the 
thimble (Fig. 4) while being pulled through the Polyvinyl tubing. 


Method of Operation. 

First the length of Polyvinyl tubing is laid in the trough “ E”’ 
equi-distant between fixtures “‘ B”’ and “‘C.” The bullet or piston 
‘““F” is attached to the pulling cable by a spring loaded bayonet 
fitting and inserted into the end of the Polyvinyl tubing nearest 
to fixture “ B,” having first made sure the conduit is laying as 
straight as possible in the angle iron trough. It is then clamped 
by fixture ““B” and the remaining loose end of the Polyvinyl 
tubing is then held in position by fixture ‘“C,” which is purely 
an anchor designed to keep the tubing in place and make the appara- 
tus safe to operate ; this fixture is not used on the short lengths. 
The capstan handle of the winding drum ‘“‘A”’ is made to slide on its 
spindle which carries a dog clutch to enable the operator to engage 
or disengage the capstan handle from the drum at will. At this 
stage, it is necessary for the handle to be disengaged from the wind- 
ing drum and also to admit air at approximately 80 lb. per square 
inch, through the Polyvinyl tubing. The air is filtered, cleaned 
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and dried before it reaches the foot control ‘‘ D.”” This control has 
two functions (1) to operate the friction brake on the winding 
drum, and (2) to control the compressed air. On working the foot 
pedal the brake is released (see Fig. 3), and air is admitted into the 
air chamber in clamping fixture ‘‘ B ” and on through the Polyviny] 
tubing, _pro- 
pelling the 
bullet ‘‘F’ 
and also* the 
pulling cable 
This cable is 
of the finest 
quality 
obtainable, 
namely 
Terry’s }19 
strand .06] 
dia. non-fray- 
ing tinned 
cycle cable. 
At fixture 
hk,  s0en in 
Fig. 5, a rub- 
ber buffer is 
fitted, against 
which the 
bullet eventu- 
ally comes to 
rest, and it is 
then removed 
from the pull- 
ing cable. The 
second opera- 
tor:has mean- 
while assembl- 
ed the com- 
ponent cables, 
Fig. 3..-Winding gear and foot control complete with 
sockets, into 
the thimble “ G ” as illustrated in Fig. 4, and it is then ready to 
attach to the pulling cable by means of the bayonet fitting. The 
cables are now ready to be pulled through the Polyvinyl tubing and 
it was at this stage of the proceedings that the photograph (Fig. 2) 
was taken. The operator seen in the foreground is ready to work 
the capstan handle; she engages the dog clutch on the winding 
spindle, presses down the foot control, which in turn releases the 
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friction brake on 
the winding gear 
and once again 
admits air into 
the Polyviny| 
tubing and'in so 
doing minimises 
the co-efficient of 
friction between 
the cables and 
the internal dia- 
meter of the Pol- 
yvinyl tubing. 
The operator 
then proceeds to 
rotate the cap- 
stan handle, 
which winds up 
the pulling cable 
and draws the 
component 
cables through 
the Polyvinyl, 
thus completing 
the assembly. 

The only re- 
maining opera- 
SOR te 82 
disconnect the 
Polyvinyl tubing 
from fixtures 
 e”:°) @e “eo 
and the cables 
from the thimble 
assembly. 

The adoption 
of this apparent- 
ly complicated 
method has 
saved  consider- 
able time on all 
tight assemblies 
and enhanced 





the production of a very vital part of Britain’s War Effort. 
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Fig. 5.-Fixture ‘*C’’ showing cables assembled 
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ENGINEERING ABSTRACTS 


Research Department : 
Production Engineering Abstracts 
(Edited by the Director of Research). 


NoTte.—The addresses of the publications referred to in these Abstract: 
may be obtained on application to the Research Department, Loughborough 
College, Loughborough. 


ANNEALING, HARDENING, TEMPERING. 


Centrifugal Quenching Machine. (/ngineering, 7th January, 1944, Vol. 157 
No. 4069, p. 7, 4 figs.). 


The principle of its design is the quenching of a heated circular part from 
the periphery towards the centre, all parts of the periphery being immersed 
in the cooling oil at the same moment. The machine enables any initial 
faulty alignment to be corrected by adjustable pressure mechanically applied. 
The quenching time, the volume of the quenching medium and also its 
temperature can be controlled. The semi-automatic operation of the machine 
enables quenching to be done in about one-fifth of the time occupied by 
more conventional methods. The actual quenching apparatus is shown in 
the diagrammatic views. 


Secondary Hardening of High Speed Steel Cutting Tools, by John Garland. 
(Machinery, 27th January, 1944, Vol. 64, No. 1633, p. 91). 


It is necessary to emphasise the very considerable loss of cutting life, 
liability to chipping and actual fracture of tools which result from failure 
to conduct properly the secondary heat-treatment operation. Secondary 
hardness may be defined as the hardness developed by tempering high-alloy 
steels, and a secondary heat treatment, that which will bring about this 
secondary hardness. Interrupted quenching. Primary hardening. Secondary 
hardening. Testing for secondary hardness. Testing procedure. 


COMBUSTION, FURNACES. 


The Uses of Controlled Atmospheres in the Metal Industries. (Sheet Metal 
Industries, January, 1944, Vol. 19, No. 201, p. 61, 3 figs.). 


Part IV. Non-ferrous metals. Prevention of oxidation of the metal. 
Type of finish. Copper. Brasses. Bronzes. Copper-nickel alloys. Nickel 
silvers. Magnesium alloys. Continuous mesh belt conveyor furnace. Multi 
radiant unit furnace. Furnace for bright annealing of sheet. 


EMPLOYEES, WORKMEN, APPRENTICES. 


Incentives for Indirect Workers, by Albert Ramond. [Personnel, (U.S.A.), 
November, 1943, Vol. 20, No. 3, p. 154). 


While the application of incentive pay to indirect workers is likely to 
improve their performance substantially, the very nature of indirect work 
makes its control and measurement difficult. Mr. Ramond here classifies 
indirect workers and offers some practical solutions for the application 
of incentive compensation to these groups. 
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FOUNDRY, MOULDING, DIE-CASTING. 


Hand-Operated Die-Casting Machine. (Engineering, 14th January, 1944, 
Vol. 157, No. 4070, p. 25). 


The illustrated hand-operated pressure die-casting machine has been de- 
signed for the mass-production of small parts in zinc, tin, or lead base alloys. 
The maximum size of the die blocks is 8in. by 5in. by l}$in., the normal 
size being 5in. square; the die separatign is 3} in. and the maximum 
available casting area is 9 sq. in. The pot capacity, in zinc, is 70 lb., and 
the casting capacity per stroke, in the same metal is 50z. The machine 
can be successfully operated by unskilled female labour, after only a few 
hours’ instruction, and the rate of casting can be as high as 700 parts per hour. 
For zinc-base alloys the melting pot temperature should be maintained 
between 820° and 850° F., and with antimonial-lead alloys between 600 and 
630°F. 


Light Alloy Foundry Technique. (Aircraft Production, February, 1944, 
Vol. VI, No. 64, p. 55, 10 figs.). 


The development of metal patterns for machine moulding is an advance 
which has played an important part in improving dimensional accuracy 
and the quality of surface finish of light alloy castings. The manufacture 
and use of such equipment by Magnal Products, Ltd., who are specialists 
in this technique. Pattern manufacture. Making the moulds. Cores. 
Moulding. Temperature measurement 


JIGS AND FIXTURES 


Electrically-operated Chuck Jaws. (Machinery, 13th January, 1944, Vol. 64, 
No. 1631, p. 47, 1 fig.). 


The opening and closing of the chuck jaws is power operated by an electric 
motor independently-mounted or built-in concentrically with the chuck body. 
When the driving motor is embodied in the chuck, electrical selection can be 
made for gripping the work either internally or externally and for stopping 
the motor at a predetermined jaw pressure. 


LIGHTING. 


Some Fresh Ideas on the Scope of Lighting in Industry, by J. H. Nelson. 
(Sheet Metal Industries, Part 1, January, 1944, Vol. 19, No. 201, p. 101, 8 figs. 
Part 2, February, 1944, Vol. 19, No. 202, p. 285, 12 figs.). 


Part 1. When a job can be seen clearly, easily and comfortably, then, and 
only then, can it be done really well. Seeing itself is work and its efficacy 
depends on the operator’s eyes, the job, the lighting and the decoration of the 
surroundings. The effects of good lighting. (1) Good lighting enables accurate 
work to be done. Physical limitations. The influence of field brightness. 
Anatomical limitations. (2) Good lighting keeps rejects down. (3) Good light- 
ing enables one vo see faster. (4) Good lighting makes seeing easy. (5) Good 
lighting minimises eye strain and fatigue. (6) Good lighting encourages the 
best use of floor space. (7) Good lighting helps cleanliness and order. (8) Good 
lighting improves labour conditions. (9) Good lighting promotes safety. 


Part 2. The requirements of good seeing. Lighting and decoration. The 
‘local light.’’ The importance of contrast. Coloured light sources. The 
surround field. Colour of surround. Improved illumination by light 
finishes. Ideal surroundings 
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MACHINERY, MACHINE TOOLS. 


On Cutting and Hobbing Gears and Worms—Part II., by D. W. Dudley and 
H. Poritsky. (journal of Applied Mechanics, U.S.A., December, 1943, Vol. 10, 
No. 4, p. A.197, 7 figs.). 


Cutter required to produce a given worm. Example: straight-sided axial 
section worm. Cutter profile required for straight-sided axial section worm 
Worm-cutter deviation curve. Hobbing of gears and worms. Gear and hob 
axes. Example: Cutting action of hob teeth plotted in axial section 
of gear. Deviation of the curves from a proper straight line. 


MANUFACTURING METHODS. 


Steel-Tube Airscrew Blades. (Aircraft Production, February, 1944, Vol. VJ, 
No. 64, p. 71, 12 figs.). 


Blades from seamless tube. Honing the interior of the rough tube to 
remove surface blemishes to finish the inside diameter to the required toler- 
ance. Special centreless machines used for grinding the outside diameter 
of the tube after rough turning. Upsetting the root-end of the tube to 
give greater wall thickness for subsequent machining operations on the 
shank. Turning the outside diameter to varying wall thickness on a copying 
lathe. Machining is controlled by a master cam on the rear spindle. A 
cage template is used for locating the defining special areas of the tube 
surface over which an inspection of the wall thickness is to be made. Final 
adjustments or “ refining ’’ of the gauge of the tube to the thickness required. 
Chucking mandrel. Forming the leading-edge curvature on cwo cubes 
simultaneously. Liquid is sealed inside the tube to prevent it from xinking 
or cracking under the pressure. Flattening the tube in an hydraulic press. 
During this operation liquid is allowed to escape from the interior through 
a valve at the top end. Tip and trailing edge of the blade are sealed in an 
electronically-ccntrolled resistance welder. 


Method of Grinding Crankshafts on Centreless Grinders, by E. E. Fluskey 
(Machinery, 27th January, 1944, Vol. 64, No. 1633, p. 97, 3 figs.). 


A method of grinding single-throw crankshafts on a standard centreless 
grinder. With this device it is also possible to grind double-throw crankshafts, 
also components where there are two different diamevers which are co be 
concentric. Advantages: (1) an increase of production in the ratio of ap- 
proximately 8 to 1 over a former method of grinding on a standard universal 
grinder; (2) uniformity in maintaining the relation of the throw of the 
crankshaft pin in relation to the mainshaft ; (3) the ease of maintaining size 
of the crankshaft pin. 


Making and Maintaining Journal Bearings, by H. Warburton. (Mechanical 
World, 21st January, 1944, Vol. 115, No. 2977, p. 57, 11 figs.). 


The following factors are to be considered : (1) Selection of correct bearing 
metal. (2) Preparation of the shell and the pouring of the metal. (3) Suit- 
ability of the backing metal, i.e., steel, brass or cast iron shells. (4) Thickness 
of the lining. (5) Fit and finish of the bearing. (6) Lubrication. Melting 
the white metal. Arranging the bearing for pouring the white metal. Face 
strips. Surface finish. Precision boring. Effect of initial wear. Adhesion 
tests. Importance of good bonding. Lubrication. Don’ts when lining 
bearings. 
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An Introduction to High-Speed Milling, by Paul Dubosclard. [Mechan ical 
Engineering (U.S.A.), December, 1943, Vol. 65, No. 12, p. 865, 14 figs.}. 


The production of wing spar caps made of aluminium alloy. Description 
of spar-milling macrine. Operating results; horsepower. Spindle speeds. 
The author advocates the use of large cutters rather than super-high spindle 
speeds (over 3600 r.p.m.). Typical cutter. Vertical spindle versus hori 
zontai spindle. 


The Hercules Crankshaft, by J. A. Oates. (Aircvaft Production, February 
1944, Vol. VI, No. 64, p. 59, 22 figs.). 


Design features. Machining and assembly operations at a shadow factory. 


The Formation of Sheet Metal Components by Means of the Air-Operated 
Drop Stamp, by A. T. Pierce. (Sheet Metal Industries, January, 1944, 
Vol. 19, No. 201, p. 109, 20 figs 


Patterns. Moulding. The top tool. Preheating die prior to casting. 
Zinc alloy tools. Tool breakages. Bedding the tools. Pressing. 


MATERIALS, MATERIAL TESTING 


Shipbuilding and Light Alloys, by Capt. E. C. Goldsworthy. (Tvansaction 
of the Institution of Engineers and Shipbuilders 1n Scotland, January, 1944, 
Vol. 87, Part 3, p. 44, 7 figs.). 


Considerations arising in the use of aluminium alloys in merchant ships, 
to indicate some useful lines of investigation and to plead for the immediate 
inauguration of a programme of research. The shipbuilder demands a 
material which is strong, easy to work, form and assemble, yet which will 
give a rigid structure and stand up to marine conditions. Aluminium alloys 
satisfy these conditions provided the correct alloys are used. For the alloys 
most suitable for the construction of ships the generic term ‘‘ Navalium ” 
was coined. These non-magnetic alloys are inherently corrosion-resistant, 
considerably superior in this respect to mild steel. Special characteristics of 
aluminium alloys. Hulls. Superstructure. Value of weight saving. Examples 
of weight saving. The saving in weight by the use of light alloys in the 
superstructure alone might assist in building a better ship, the three main 
avenues being: (i) to increase the service availability by a reduction in 
displacement, (ii) to increase the earning capacity, (iii) to provide improved 
amenities to attract passengers. Non-structural applications. Lifeboats. 
Deck fittings, etc. Machinery—main and auxiliary. Characteristics of light 
alloys of particular marine interest. Jointing. Riveting. Welding. Cor- 
rosion. Electrolytic corrosion. Reasons for failure. Cost. Research. 


MEASURING METHODS, APPARATUS. 


Instrument for Measuring the Wall Thickness of Long Tubes. (Dev Deutsch 
Sportflieger (Germany), Vol. 10, No. 10, October, 1943, p. 164). 


The accurate measurement of the wall thickness of tubes presents con- 
siderable difficulties if the tube is of appreciable length. 

The usual type of mechanical caliper gauge suffers from the drawback 
that any deflection of the overhung arms under gravity falsifies the measure- 
ments. Moreover it is very difficult to ensure a constant contact pressure 
with instruments of this nature. These difficulties have been overcome 
by a new type of caliper gauge designed by the Junkers firm which has given 
excellent results in practice and which can check the wall thickness of tubes 
or plates over a span up to 10 feet. 
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The gauge essentially consists of a U shaped feeler, one leg of which slips 
inside the tube and contacts the inner surface at the extremity of the limb. 
For this purpose the tube is supported horizontally above a parallel rail 
along which moves a carriage carrying two dial gauges as well as the pivoted 
support at the base of the U feeler. This base is provided with a balance 
weight by means of which the contact pressure of the inner feeler on the lower 
internal surface of the tube can be adjusted. Directly in line with the inner 
feeler but contacting on the outer surface of the tube is a second feeler attached 
to a spring loaded plunger moving vertically in a slide attached to the carriage. 
One of the two dial gauges previously mentioned is attached to this slide whilst 
the feeler end of this gauge contacts the second limb of the caliper gauge 
The second dial gauge is supported by the carriage and records the vertical 
displacement of the slide. At the beginning of the test a standard distance 
piece is inserted between the internal feeler of the caliper gauge and the 
external feeler attached to the slide, both dial gauges being set to zero. 
The tube is then inserted and the dial gauge No. 1 will read directly the 
difference (+ or —) of the wall thickness from the standard dimension. 
Similarly dial gauge No. 2 will indicate the degree of parallelism of the outer 
wall with the base line. It will be noted that in this arrangement any de- 
flection of the U shaped limbs of the caliper gauge under gravity is allowed for 
and that the contact pressures of external and internal feelers are constant 


(Communicated by D.S.R. Ministry of Aircraft Production). 


Planned Production Gauging. (Production and Engineering Bulleti 
January, 1944, Vol. 3, No. 14, p, 33, 8 figs.). 


Frame system speeds inspection, reduces fatigue and protects gauges 
No time is lost in handling gauges and both of the operator’s hands 
are left free to manipulate the job. Good illustrations of many well selected 
examples. 


Detecting Flaws in Sheets with Ultra-high Frequency Sound Waves, by A. 
Trost. (Sheet Metal Industries, February, 1944, Vol. 19, No. 202, p. 256, 
2 figs.) 

Ultra-high frequency (U.H.F.) sound is a means very suited for tracing 
discontinuities in sheets. The specimen to be tested is placed between a 
vibrating quartz and a wireless receiver set, running water being placed in 
the circuit as a coupling medium, The device is useful for speedy routine 
tests of the soundness of sheet. 


Balancing of Rotating Apparatus-—I, by KR. P. Kroon. (journal of Applied 
Mechanics, (U.S.A.), December, 1943, Vol. 10, No. 4, p. A.225, 15 figs.) 


It is impossible to manufacture dynamically perfect rotors, because : 
(1) the material is never quite homogeneous, (2) there are always some 
geometrical errors, (5) the rotor may distort under operating conditions. 
One distinguishes ‘‘ shop balancing ”’ in which the rotor is balanced (usually 
at low speed) in a balancing machine, and “ field balancing ’’ which is per- 
formed on the rotor in its own bearings and at its operating speed. The 
vibrating system, with which we are concerned, includes, generally, not only 
the rotating part (rotor, spindle, shaft) but also the stationary part (stator, 
frame, cylinder) and often the foundations. Single disk on flexible shaft 
stiff bearings. Single disk on shaft with flexible bearings. Static unbalance. 
Rotors with distributed weight; dynamic unbalance. (a) Solid rotors. 
(b) Flexible rotors. Rayleigh’s theorem, 
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MATHEMATICS, MECHANICS. 


Metal Cutting Nomograph, by W. W. Gilbert and W. C. Truckenmiller. 
[Mechanical Engineering (U.S.A.), December, 1943, Vol. 65, No. 12, p. 893, 
10 figs.). 

Metal cutting nomographs as a simplified summary of some of the more 
important variables in the machining of steel. The nomographs make 
available some of the more important laws in metal cutting which show 
(1) the tool life, (2) the power required, and (3) a combined nomograph which 
shows the maximum output available from a given machine. The variables 
of machinability are as follows: cutting speed, f.p.m.; tool life, min. ; 
constant for tool life, depending upon tool material, constant for tool life, 
depending upon material cut ; feed, inches per revolution; depth of cut in 
inches ; a constant for tool force, depending upon Brinell hardness of material 
cut. 


PLASTICS, POWDER MATERIAL, 


The Working of Plastics. (The Machinist, 15th January, 1944, Vol. 87, 
No. 39, p. 248E, 8 figs.). 

Basic types: forms available. Thermosetting materials. Thermoplastic 
materials. Types of mould construction. (1) the flash mould; (2) the 
landed plunger mould ; (3) the loading plate mould ; (4) the straight plunger 
mould; (5) the injection mould; (6) the transfer mould; and (7) the sub- 
Cavity mould. 


Dense Nickel Parts from Metal Powder, by C. Hardy. (Met. Progress, 
October, 1943, Vol. 44, No. 4, p. 634). 

Presents for the first time the results of measurements made some years 
ago which showed that densities up to 97% of the density of wrought Ni 
could be obtained by powder metallurgy methods. 


(Communicated by the British Non-Ferrous Metals Research Association). 
Powder Metallurgy of Brass. (Metal Powder News, 10th August, 1943, Vol. 4, 
No. 3, p. 1). 


A short note on the pressing and sintering of brass powders containing 
50-90% Cu, together with mechanical properties and densities of bars. 


(Communicated by the British Non-Ferrous Metals Research Association). 
POWER, DRIVE, 


Direct-current Adjustable-speed Drives for Machine Tools, by G. A. Caldwell. 
(Machinery, 20th January, 1944, Vol. 64, No. 1632, p. 69, 4 figs.). 


Starting torque thrice full-load torque. Motor started and stopped 
independently. Mechanical gear shifting replaced. Conventional adjust- 
able-voltage drive with rectox exciting unit and automatic speed selection. 
A complete cycle of different speeds can be pre-set, and the drive will repeat 
this cycle with less than 5% variation, plus or minus. 


SHOP MANAGEMENT 
A Guide to Personnel Counselling, Prepared under the direction of William 


H. Kushnick, Director of Civilian Personnel and Training.  [Personnel, 
(U.S.A.), November, 1943, Vol. 20, No. 3, p. 139.1. 
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Methods utilized. Principles. The counsellor must have information 
if his aid is to be effective. (1) About the employees. (2) About the plant. 
(3) About community resources. Counselling requires a proper setting. 
Counselling is by no means limited to the counselling of staff. Referral should 
be made to other services and agencies when necessary. The counsellor will 
stress preventative measures as much as possible. A counsellor must always 
hold the information given by employees as confidential. Relationships. 
to the management ; to the supervisor ; to other branches of the personnel 
office ; to other employee relations services ; to medical, health, safety and 
other related programmes; to community agencies. Setting up and de- 
veloping the programme. Counselling procedures. Interviewing. Records. 


New Clauses in Labor Agreements, by James J. Bambrick, Jr. [ Personnel, 
(U.S.A.), November, 1943, Vol. 20, No. 3, p. 171.) 


What changes have labour agreements undergone in the first two years of 
war, and how symptomatic are these of trends in the collective bargaining 
process? In this study of 300 contracts it is shown how labour and manage- 
ment are anticipating the problems of demobilization by including a diversity 
of military service clauses in their agreements, and how problems of union 
responsibility, war-time strikes and production slowdowns, etc., have been 
approached through other clauses. A number of typical clauses are cited 
to illustrate the new demands being made by labour. 


Dies for Drop Forging, by E. W. Mace. (Mechanical World, 7th January, 
1944, Vol. 115, No. 2975, p. 5, 3 figs.). 


Multi-impression dies for making components from bar stock. Dies for a 
typical small drop forging. Operations for forging a brake lever. Dies 
for forging a component with stepped die line. 


SMALL TOOLS. 


Aluminium Alloy Forging Dies, by R. Il’. Duff. [S.A.E. Journal (U.S.A.), 
Vol. 51, No. 11, November; 1943, p. 23.). 


In the mass production of Al alloy forgings made of 145 extruded stock, 
the formation of blisters on the surface of the finished product has led to the 
rejection of an appreciable number of parts. 

It was at first thought that the trouble was associated with the use of 
extrusions as stock material, but investigations carried out by the S.A.E 
War Engineering Board have shown that blistering is also found on forgings 
made of standard (rolled) stock if the metal is worked too rapidly (excessive 
heat generated by friction in the die). 

With extruded stock, the rate of deformation has therefore to be decreased 
and this can easily be brought about by the addition of fullers to the dies, 
lighter hammering, proper use of lubricants and good die finish. With these 
precautions, satisfactory forgings are possible, provided the original 145 
material adheres to specification and especially does not contain an undue 
amount of silicon. A satisfactory chemical composition is given below 

Si Cu Mn Mg Al 
9% 4.40%  .80%  .40% Rest 

A satisfactory lubricant is a mixture of 50% lard oil plus 50° distillate 
and is applied to the die surface either by spray, swab or air blast. A small 
amount of graphite is occasionally added. It is interesting to note that a 
common cause of die failure is cracks resulting from the explosion of the die 
lubricant in the corners and angles of the impressions. 
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Die finish is of very great importance since it affects both the life of the die 
and the quality of the product. All angular, irregular surfaces must’ be 
avoided and the final polishing marks be in the direction of the flow of the 
material. The finish impression should be placed as near the centre of the ‘die 
as possible and the impression cut so that the metal flow of the forging is at 
right angles to the grain of the die 

\ die should be used for as long a run as possible (5—10,000 pieces). 

It is interesting to note that the life of the normal steel die 1s appreciably 
shorter when turning out Al alloy forgings'than when making steel forgings. 

It is possible, however, that a new die material specially suited to the pecu- 
liarities of Aluminium forgings may be developed in the near future. 

Working cold material is especially harmful to the life of the die and 
will also produce erratic physical properties in the forging. In this connection 
it should be pointed out that even under optimum conditions, the finished 
heat treated and artificially aged forgings made of extruded stock have a 
lower tensile and yield strength but greater elongations than the original 
extrusion after similar heat treatment and ageing. This is due to difference 
in grain structure of extruded and rolled 14S material leading to abnormally 
high values of the mechanical properties of the former after heat treatment. 

The forging operation causes more recrystallisation during subsequent 
solution heat treatment with the result that the final mechanical properties of 
the forging approximate to those of the rolled rather than extruded stock 

Employment of extruded stock thus does not lead to an improvement in 
strength of forging but is a matter of great convenience, besides conserving 
forging stock for special purposes. 


(Communicated by D.S.R. Ministry of Aircraft Production). 


Quenching Dies Minimise Gear Grinding, by F. A. Paquin. (The Machinist 
22nd January, 1944, Vol. 87, No. 40, p. 98, 5 figs.). 


In addition to deciding whecher the dies should be made to the cold or hot 
size of the work, it is essential to work out uniform cooling of all parts 
of the piece. Design of quenching die in which the narrow flange and 
hub diameter of the workpiece cannot shrink below the required cold size, 
being restrained by spreaders made to the desired dimensions. Design of 
quenching die in which the inside diameter of the outer ring of the work 
is actually stretched. 


STANDARDISATION. 


Standardisation of Cutting Tools, by Carl J. Wiberg. [Mechanical 
Engineering, (U.S.A.), December, 1943, Vol. 65, No. 12, p. 871, 21 figs.). 

Development of fine-finished, single point, chip breaker type. Standardiz- 
ation of high-speed steel tools. Sample page from turning tool standards. 
Sample page from facing tool standards. Sample page from boring tool 
standards. Sample page from chamfering tool standards. Sample tool 
drawing. Tool design investigation. Conditions and results of tests. 


Cutting Angle Relationships on Metal Cutting Tools, by M. Kronenberg. 
{Mechanical Engineering, (U.S.A.), December, 1943, Vol. 65, No. 12, p. 901, 
d figs.). 

Derivation of formula. Alignment charts. Alignment chart for the re- 
lationship between cutting angles for corner angle c < 45° and for corner 
anglec = 45°. Positive and negative maxima for the true rake angle. 
Derivation of the basic formula. Relationship between shear angle and true 
rake angle t. 
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SURFACE TREATMENT. 


Properties of Hard Chromium Plate, by J. J. Dale. (The Australasian 
Engineer, 7th October, 1943, Vol. 43, No. 329, p. 25, 13 figs.). 


Hardness and wear resistance are the most outstanding properties of this 
material. In addition it possesses remarkable properties of resistance to 
heat and corrosion. History. Deposition. Properties. Density. Melting 
point. Electrical resistivity. Coefficient of expansion. Hardness, wear 
resistance, co-efficient of friction, and a property which might be called ‘‘ non- 
seizing tendency.’”’ Adhesion to basis metals. Strength and ductility 
Corrosion resistance. Effect of heating. Grain size. Composition. Micro- 
structure. Effect of heating on structure. Effect of basis metal on structure 
Lattice structure. 


TECHNICAL INFORMATION. 


The Diamond Shortage in Germany. (Industrial Diamond Review, January, 
1944, Vol. 4, No. 38, p. 4, 12 figs.). 


While Germany is searching for ways and means of working with substitutes 
and of replacing scarce substitutes such as sintered carbides, British and 
American factories, are in the main, justified to rely on the diamond itself 
However, the position calls for a clear understanding of the relative merits 
of both the diamond and its substitutes. The forces that are acting in the 
truing process must be considered. Truing discs are chiefly of three kinds : 
(1) Smooth discs (cylindrical or conical) ; (2) Wheels of corrugated material ; 
(3) Discs slotted radially. The use of ceramic rollers. The use of sintered 
carbides. Tests were made regarding : (1) The surface quality of the ground 
work after truing of the wheel with various truing tools. (2) The chip volume 
removed from the groundwork. (3) The wear of the grinding wheel and of the 
truing device during the truing process. Allied engineers see how difficult 
it is to try to replace diamond tools in the truing of grinding wheels 


TRANSPORT AND TRANSPORT EQUIPMENT 


Transporting War Materials—Packaging Problems. (Chemical and Engin 
eevring News, Vol. 21, No. 20, 25th October, 1943, p. 1745). 


The new package is a waterproof covering, of secret composition, but defi- 
nitely a plastic, which is applied directly by spraying and which will seal off 
any gaps and holes. The purpose is to put a waterproof skin over metal 
parts and to eliminate crating. It is inexpensive and easy to apply. On 
medium bombers, shipped as deck cargo, use of this spray method saves 
1,000 man-hours per plane over here, and 200 man-hours at the destination. 
Instead of crating and laboriously protecting the plane from spray, the 
whole airplane is covered with the plastic skin and shipped. The covering 
is easily removed by peeling. 

Although the plastic is applied by simple spraying of a solvent solu 
tion, a definite technique must be used. If the object has openings, then 
spray is first.directed obliquely across the surface using high pressure guns. 
This causes the plastic te form strings or webs across any openings. Next, 
a regular low-pressure spray deposits the coating over the webs already 
formed and the operation continues until the package is completely covered. 
Secret of the process, apart from the actual composition, is the rapidly 
drying solvent, so rapid that the plastic webs across all openings form 
practically immediately. The plastic shrinks upon drying, forming a skin- 
tight covering. To cover a medium bomber would require only 25 gallons 
of the solution, and at a reported cost of only a dollar a gallon, it is easily seen 
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that savings are coming in Army packaging. So new is the development 
that the first treated airplanes were, at the time of the meeting, yet on the 
high seas. Asa test, the Air Corps dumped covered parts in Boston Harbour 
for five weeks just to make sure that the covering was really waterproof. 
Another advantage of the plastic is that there is no scarring or corrosion of 
precise metal parts, and though the solvent is inflammable, the plastic itself 
is not. 
(Communicated by D.S.R. Ministry of Aircraft Production). 


WELDING, BRAZING, SOLDERING. 


Heavy Are Welding: A.C. or D.C.? Single- or Multi-operator ?—Part III, 
by H. F. Bibby. (Mechanical World, 7th January, 1944, Vol. 115, No. 2975, 
p. 18, 8 figs.) 

Effect of welding load on the supply system. Details concerning A.C. 
installations. Sites for transformers and reactors. The low voltage distri- 
bution cables. A typical berth distribution scheme for A.C. welding with six 
operator transformers. Earthing. Power factor improvement. 


The Spot Welding of Magnesium Alloys. (Sheet Metal Industries, February, 
1944, Vol. 19, No. 202, p. 331). 


Weldable alloys. Preparation for welding. Surface treatment of completed 
assemblies. General requirements for spot welding equipment. Machine 
settings. Electrode pressure. Electrode type and design. Electrode 
pick-up. Spot welding with A.C. equipment. Spot welding with electro- 
static stored energy equipment. Spot welding with electromagnetic stored 
energy equipment. Characteristics and properties of spot welds. 


The Welding of Light Metals. (Welding, January, 1944, Vol. XII, No. 2, 
p. 59, 6 figs.). 

The various methods of welding of aluminium and magnesium and their 
alloys. Details regarding the preparation of the parts to be joined, procedure 
and the equipment required. 


Modern Welding Methods for Copper and Copper Alloys, by J. J. Vreeland. 
(Welding Journal, (J. Amer. Weld. Soc.) October, 1943, Vol. 22, No. 10, p. 784.] 


The welding of tough-pitch Cu, deoxidised Cu, high-Cu brasses (e.g., 
red brass, 85°% Cu), low-Cu brasses (e.g., Muntz metal and naval brass, 
60% Cu), and various bronzes, using mainly the oxyacetylene and carbon 
arc processes. Filler rods incuded high and low Sn phosphor bronze and 
silicon copper. 


(Communicated by the British Non-Ferrous Metals Research Association). 


Locomotive Parts Fabrication and Welding of Bronze Bearing Surfaces, 
by J. W. Kenefic. [Welding J. (J. Amer. Weld. Soc.), October, 1943, Vol. 22, 
No. 10, p. 799). 

Gives examples of the fabrication of new parts, the repair of cracked 
or broken castings, and the restoration of worn areas or moving parts. 
Bronze bearing surfaces are applied using either the carbon arc or metallic 
arc processes, and a lead bronze welding rod. 


(Communicated by the British Non-Ferrous Metals Research Association). 
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Measuring Instruments for Resistance Welding Machines, by W. S. Simmie 
and R. F. Tylecote. (Sheet Metal Industries, Febyuary, 1944, Vol. 19, No. 202, 
p. 321, 4 figs.). 

During recent years accurate control equipment has been developed for 
resistance welding machines, and welding times of extremely short duration 
are now in use. In order to obtain consistent welding results it is neces- 
sary to refer to accurate values of welding current, time and pressure. Some 
difficulty has been experienced in recording these values, and this report 
describes various instruments now in use. 


Conservation of Tin in Soft Solders, by D. L. Colwell and W. C. Lang 
(Sheet Metal Industries, January, 1944, Vol. 19, No. 201, p. 84). 


Properties of several alternative solders. Faulty design is frequently 
responsible for service difficulties as well as for excessive use of solder by the 
workmen. Butt joints and simple lap joints should be avoided. Lockseam 
or rolled joints are stronger and in most cases lend themselves to more economi- 
cal soldering techniques. Instruction of workmen. Preparation of work 
Fluxes. Wiping solders. Hand-iron soldering. 
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